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Station.  Author  of  “Manual  of  Milk  Products,"  and  of  numerous  bulle- 
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J.  Kelly  Wright,  Lecturer  for  the  Missouri  State  Board  of  Agriculture. 
Organizer  of  the  first  boys’  com  show  held  in  the  state.  Formerly  County 
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University  since  1913.  Formerly  Assistant  Professor  of  Agronomy  at 
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1909  owner  and  manager  of  a large  farm. 
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VOLUME  III— PART  I 


Farm  Vehicles 

IT  IS  common  knowledge  that  the  materials  with  which  the  farmer  carries 
on  his  work  are  plants,  animals,  and  the  soil.  It  is  less  generally  realized,  or 
at  least  appreciated,  that  in  using  them,  the  farmer  has  to  practice  in  no  small 
degree  the  applied  sciences  of  mechanics  and  engineering.  This  is  a condition 
of  relatively  recent  growth.  For  many  years  farming  retained  its  early  sim- 
plicity; practically  all  its  tasks  were  accomplished  by  land  or  horse  or  ox  power 
with  the  help  of  crude,  cumbersome  tools.  The  muscles  of  man  largely  measured 
the  magnitude  of  his  accomplishments  and  consequently  his  agricultural  success. 

But  times  have  indeed  changed.  Analytical  ana  inventive  genius  have 
applied  themselves  to  the  problem  of  creating  machines  to  do  farm  work — both 
because  man  power  is  becoming  scarce,  and  in  order  that  the  farmer  might 
employ  less  of  his  energy  in  manual  labor  and  more  in  mental  achievement  and 
planning.  New  standards  of  living  have  arisen  to  make  farmers  ready  and  anx- 
ious for  more  comforts  and  conveniences  in  their  homes  and  barns — and  better 
buildings  in  which  to  install  them.  Modem  investigations  have  discovered, 
simplified  and  perfected  engineering  methods  for  improving  soil  conditions  and 
reclaiming  waste  lands.  All  these  developments  have  not  only  offered  the 
farmer  new  opportunities,  but  have  also  demanded  of  him  new  abilities,  and 
shouldered  him  with  new  responsibilities.  To-day  the  most  successful  farmer 
is  not  he  who  can  cradle  the  most  grain  or  build  the  smoothest  hay  stack,  milk  the 
most  cows  in  a day  or  work  best  side  by  side  with  his  hired  hands;  rather  it  is 
the  man  who  has  the  most  complete  and  best  cared  for  outfit  of  farm  machinery; 
who  can  run  and  repair  the  most  efficient  power  plant;  who  can  design  and  con- 
struct the  most  economical  bam  or  poultry  house;  who  can  most  effectively  drain 
a marshy  meadow  or  irrigate  a leachy,  drought-ridden  slope.  There  is  no  indus- 
try to-day  (outside  of  those  that  are  essentially  and  technically  mechanical) 
that  makes  such  varied  and  extensive  and  important  use  of  mechanical  and  en- 
gineering principles.  It  is  for  this  reason  that  the  entire  present  volume  is  de- 
voted to  the  different  phases  of  this  subject. 

These  fall  into  five  groups  as  shown  in  the  index:  first,  Vehicles,  including  the 
tractor  (which  is  that  and  much  more) ; second,  Machinery;  third,  Power,  where 
to  get  it  and  how  to  use  it;  fourth,  what  may  be  called  the  Civil  Engineering 
of  the  farm;  and  fifth,  the  Design.  Construction,  and  Equipment  of  Buildings, 
from  the  dwelling  to  the  least  of  the  wagon  sheas  and  farm  ice  houses.  Since 
there  are  many  professional  men  whose  sole  interests  lie  along  one  or  another 
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of  these  directions,  it  is  not  to  be  expected  that  the  fanner— who  as  such  is  a 
specialist  in  a very  complex  and  different  industry — will  became  an  expert  in  all, 
or  any  one  of  them.  But  as  he  becomes  reasonably  familiar  with  their  princi- 
ples and  methods,  he  is  becoming  ever  more  independent,  better  equipped,  and 
more  assured  of  ultimate  success  and  prosperity. 

The  wide  range  between  a one-horse  light  runabout  or  a dump  cart  and  a 
six-cylinder  touring  car,  a three-ton  truck  or  a40  H.P. gas  tractor — each  of  which  is 
no  longer  a mystery  to  many  a real  farmer — is  but  one  illustration  of  the  diversity 
of  interests  and  abilities  that  marks  the  twentieth  century  tiller  of  the  soil. 
— Editor. 


Digitized  by  V^OOQle 


CHAPTER  1 


Horse-Drawn  Work  Vehicles  for  the  Farm 

By  E.  W.  Lehmann,  Professor  of  Agricultural  Engineering,  University  of  Missouri , who  was 
horn  on  a farm  in  southern  Mississippi  and  Used  there  until  he  entered  college . Since  then  he  has 
his  summers  to  practical  farm  work  and  now  owns  a half  interest  in  a farm  adjoining  the  old 
place . His  technical  experience  and  teaching  have  taken  him  to  the  agricultural  colleges  of  Mis- 
sissippi, Texas,  Iowa,  Wisconsin,  Cornell,  and  Missouri , where  he  has  become  familiar  with  the 
mechanical  features  of  the  problems  with  which  he  is  equally  well  acquainted  as  a practical  farmer. 

The  farm  wagon  is  so  common  an  implement  that  the  average  person  takes  it  for  Granted,  and 
fails  to  realize  the  value  of  scientifically  correct  design  and  construction.  This  chapter  throws  a new 
light  on  the  subject,  and  should  enable  the  farmer  to  get  better  value  for  his  money,  both  in  buying  and 
keeping  his  work  vehicles . — Editor. 

THOUSANDS  of  years  ago  man  had  few  possessions,  and,  therefore,  very 
little  need  of  vehicles.  As  he  acquired  clothing,  weapons,  and  other 
possessions,  and  as  he  changed  his  place  of  residence,  some  means  of  transporta- 
tion became  necessary.  It  was  probably  some  hunter  who  created  the  first 
vehicle  when  he  found  how  much  easier  it  was  to  drag  his  game  home  on  a branch 
of  a tree  than  to  carry  it  on  his  back.  An- 
other hunter,  accidentally  or  otherwise, 
may  have  placed  a round  stick  under  his 
sled  and  thus  started  the  idea  of  a wheel, 
which  is  the  basis  of  all  our  systems  of 
transportation.  There  was  a gradual  de- 
velopment from  this  roller  device  to  the 
wooden  wheel  madeof  a sawed  off  section  of 
the  trunk  of  a tree  with  a hole  in  the  centre 
to  receive  the  axle.  But  it  was  the  early 
Egyptian  who  perfected  the  spoked  wheel. 

unproved  roads  in  every  country  have 
produced  great  changes  in  types  of  ve- 
hicles. The  early  Roman  road  especially 
made  possible  a great  advance.  In  all 
cases  the  development  of  methods  of  transportation  follows  the  settlement  of  a 
country.  Before  roads  were  built  in  America,  the  early  settler  hauled  all  his 
equipment  and  household  effects  on  pack  horses  over  bridle  paths  through  the 
forests.  Only  on  the  introduction  of  the  stage  coach  and  heavy  wagons  for  haul- 
ing freight  were  the  turnpikes  and  state  and  toll  roads  built. 

As  fanners  acquire  more  modem  types  of  vehicles  the  country  roads  are 
steadily  improved.  But  there  are  still  backward  sections  of  the  United  States 
where  instead  of  wheeled  vehicles,  sleds,  called  “slides,”  are  still  used.  In  parts 
of  the  South,  negroes  use  on  the  farm  crude  wooden  wagons,  which  represent  an 
improvement  over  the  slide,  but  of  which  the  wheels,  like  those  of  the  wagons  of 
past  ages,  are  disks  cut  from  the  trunks  of  large  trees.  The  black  gum  being  very 
tough  wood,  and  not  splitting  easily,  is  well  suited  for  this  purpose.  These  wagons 
are  made  entirely  of  wood  except  for  the  linchpins  (usually  large  nails)  that  hold 
the  wheels  on  the  spindle. 
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Fig.  2.  Prairie  schooner 
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Pig.  3.  Thimble  skein  hind  gear,  a sectional  view  of  part  of  it  showing  axle  reinforcement 


The  stone-boat  originated  in  the  eastern  states,  where  it  was  used  in  clearing 
fields  of  stones.  For  moving  plows,  harrows,  materials  for  concrete  or  masonry 
work,  barrels  of  spray  mixture  and  other  heavy  or  bulky  articles  about  the  farm 
it  is  more  convenient  than  a wagon.  Its  frame  should  be  of  2 x 4s  (for  runners) 
with  boards  fastened  across  and  the  hitch  fastened  to  one  end.  A better  boat 
is  made  by  clearing  heavy  planks  together  lengthwise  and  bolting  them  at  the 
front  end  to  a special  metal  head  made  for  the  purpose  with  bolt  holes  and  one 
for  the  hitch.  A wagon  with  a platform  hung  below  the  axle  is  an  improvement 
on  a stone-boat  for  some  purposes. 

The  modem  wagon  has  been  developed  to  meet  a need  that  exists  on  prac- 
tically every  farm.  Because  it  is  used  more  throughout  the  year  than  any  other 
farm  implement  (to  give  only  one  reason),  every  farmer  should  know  something 
about  the  construction  and  essential  points  of  a well-made  wagon. 

Materials  for  wagon  construction.  The  durability  and  strength  of  a wagon 
depend  to  a large  degree  on  the  materials  of  winch  it  is  made.  Every  well-built 
wagon  is  made  of  selected,  air-dried  materials,  air-drying  or  seasoning  of  lumber 
requiring  about  3 years.  Lumber  that  is  dried  rapidly  in  a kiln  is  not  uniformly 
cured,  is  usually  more  brash,  and  will  not  resist  as  great  a shock  or  strain  as  air- 
dried  material.  Black  birch  or  white  oak  is  usually  used  for  hubs;  white  oak  for 
spokes,  felloes,  bolsters,  sand  boards  and  hounds;  hickory  is  used  for  axles  in  the 
best  wagons,  but  because  of  the  high  price  of  the  best  grades,  some  makers  use 
maple,  oak  or  cheaper  grades  of  hickory.  If  the  wooden  parts  are  soaked  in  lin- 
seed oil  before  being  assembled,  they  will  not  shrink  and  decay  when  exposed  to  the 
weather  as  readily  as  if  untreated.  All  metal  should  be  of  a good  grade  of  mild 
steel  and  all  parts  of  ample  size  to  give  strength.  Nearly  every  wagon  is  built  to 
carry  a certain  load  which  is  specified  as  its  capacity.  The  capacity  ratings  of 

a reputable  firm  are  an  aid  to  the 
farmer  in  selecting  a wagon  for  a par- 
ticular service. 

Draft  of  Wagons 

Height  of  wheels.  The  nature  of  the  road 
bed  is  the  biggest  factor  affecting  the  pull 
required  to  move  a wagon.  Features  of  con- 
struction which  affect  its  draft  are  the  height 
of  the  wheels,  the  width  of  the  tires  and  the 
efficiency  of  the  bearings.  The  following 
tests  (made  at  the  Missouri  Agricultural 
Experiment  Station)  compare  the  draft  of 
a 2,000-pound  load  on  high,  medium,  and 
low  wheels  on  different  road  surfaces.  The 
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heights  of  the  wheels  were  as  follows:  the  high, 
44  inches  (front)  and  66  inches  (rear);  the 
medium,  36  inches  (front)  and  40  inches  (rear); 
the  low,  24  inches  (front)  and  28  inches  (rear) ; 
the  wheels  were  of  steel  with  6-inch  tires.  The 
figures  represent  pounds  of  pull  required  per 
ton  of  load:  . 

While  the  results  are  in  favor  of  the  high 
wheels  there  are  other  factors  which  would 
determine  the  height  to  select.  a The  medium 
height  is  generally  preferred  as  it  is  more  con- 
venient. , 

Tires.  The  effect  of  the  width  of  the  tire 
on  draft  is  shown  in  the  following  table  (from 
Bulletin  39,  Missouri  Experiment  Station). 
The  wheels  used  were  of  the  same  height  and 
provided  with  lj-inch  and  6-inch  tires. 
Again  the  figures  are  pounds  of  pull  required 
per  ton  of  load. 

The  summary  of  the  results  of  these  experi- 
ments states  that  the  wide  tire  gave  lighter 
draft  except  under  the  following  conditions: 
(a)  when  the  earth  road  was  muddy,  sloppy 
and  sticky  but  firm  underneath,  (b)  when 
the  mud  was  deep  and  stuck  to  the  wheels, 
(c)  when  the  road  was  covered  with  deep, 
loose  dust,  and  (d)  when  the  road  was  badly 
rutted  with  the  narrow  tire.  Another  very 
important  advantage  of  the  wide  tire  is  that  it 


Fig.  5.  Parte  of  a roller  bearing 

does  not  destroy  the  road  surface  as  rapidly 
as  the  narrow  tire. 

Bearings.  The  efficiency  of  the  bearings 
in  relation  to  draft  is  usually  a small  factor. 


ROAD  SURFACE 

WHEELS 

HIGH 

MEDIUM 

| LOW 

Macadam;  slightly  worn 
clean,  fair  condition  . 

67 

61 

70 

Dry  gravel  road;  sand 

1 mch  deep;  some 
loose  stones  . 

84 

90 

110 

Earth  road;  dry  and 
hard 

69 

75 

99 

Earth  road;  thawing; 
half  inch  sticky  mud . 

101 

119 

139 

Timothy  and  bluegrass 
sod,  dry,  grass  cut 

132 

145 

179 

Timothy  and  bluegrass; 
wet  and  spongy  . 

173 

203 

281 

Com  field;  flat  culture 
across  rows,  dry  on 
top 

178 

201 

265 

Plowed  ground,  not 
harrowed;  dry  and 
cloddy  .... 

262 

303 

374 

ROAD  SURFACE 

WIDTH  Or  TIRE 

li-INCH 

6-INCH 

Broken  stone  road; 
hard,  smooth;  no 
dust 

121 

98 

Gravel  road;  hard  and 
smooth  .... 

182 

134 

Gravel  road;  wet,  loose 
sand,  1 to  2J  inches 
deep 

246 

254 

Earth  road,  loam;  dry 
dust,  2 to  3 inches 
deep 

149 

109 

Earth  road,  loam;  dry 
and  hard;  no  dust 

90 

106 

Earth  road,  loam;  stiff 
mud,  dry  on  top, 
spongy  underneath 

497 

307 

Earth  road,  clay; 
sloppy  mud  3 to  4 
inches  deep;  hard  be- 
low   

286 

406 

Earth  road,  day;  stiff, 
deep  mud  . . . 

825 

551 

Plowed  land  harrowed 
smooth  and  com- 
pact   

466 

323 

However,  all  wagon  spindles  should  be  prop- 
erty greased  at  intervals.  The  draft  is 
slightly  greater  for  large  axles  than  for  the 
small  ones.  Some  manufacturers  are  re- 
ducing the  axle  friction  by  means  of  ball  and 
roller  bearings.  The  fact  that  such  bearings 
are  being  used  so  efficiently  in  tractors  and 
automobiles  leads  one  to  believe  they  should 
be  equally  efficient  in  a wagon. 


FIG.  6.  Two  type*  of  spokes:  tto^ngular  spoke 
with  square  tenon;  btlow,  Milbum  spoke  with  double 
slope  shoulder  tenon. 


The  strength  of  a wagon.  Every  well- 
built  wagon  is  designed  to  resist  hard  usage. 
All  parts  should  be  made  of  ample  size  and 
strength.  All  irons  should  be  attached  to 
resist  strains  instead  of  merely  for  looks,  and  in 
a way  that  will  not  weaken  the  wooden  parts. 
Clips  are  much  better  than  bolts  and  should 
be  used  whenever  possible.  In  building  a 
wagon  to  suit  the  needs  of  a particular  local- 
ity, the  local  conditions  must  be  kept  in  mind. 
Different  sorts  of  wagons  are  built  for  moun- 
tainous and  prairie  sections. 
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Wagon  Construction 

(See  page  11  for  standardised  schedule) 

The  wheels.  The  wheel  is  the  most  im- 
portant part  of  a wagon.  It  is  probably  the 
first  part  to  break  in  a poorly  built  wagon  and 
the  most  expensive  to  repair.  The  hub  is  the 
heart  of  the  wheel.  There  is  a great  deal  of 
discussion  as  to  the  relative  merits  of  oak  and 
black  birch  for  hubs,  but  both  are  well  suited 
to  this  use  if  properly  handled.  Black  birch 
does  not  check  as 
badly  as  oak  but  is 
claimed  to  be  more 
liable  to  dry  rot.  The 
common  type  of  hub 
is  turned  to  proper 
shape  and  given  a 
severe  heat  test.  It 
is  then  mortised  to 
receive  the  spokes, 
after  which  heavy 
iron  bands  are  forced 
on.  Forcing  the 
bands  on  cold  is  the 
best  practice,  since 
the  wood  is  then  not 
charred.  Next  the 
spokes  are  dipped 
into  glue  and  forced 
into  the  hub.  Most 
failures  in  wheels  are 
at  the  point  where 
the  spokes  enter  the 
hub.  There  are  two 
types  of  spokes — 
that  with  a double 
slope  shoulder  tenon 
ana  that  with  a 
square  tenon.  The 
former  is  said  to  be 
much  stronger  and 
more  durable.  It  does  not  matter  greatly 
whether  the  felloes  are  bent  or  sawed,  but 
they  should  be  well  doweled  and  the  tire 
bolted  to  them.  A rivet  should  be  placed 
on  either  side  of  each  spoke  to  prevent  split- 
ting. Tires  should  be  heavy  and  for  the 
average  farm  wagon  not  less  than  2 or  3 
inches  wide;  the  4-inch  tire  is  growing  in  favor. 
All  tires  must  be  oval-edged.  When  the  tires 
are  shrunk  on  the  wheel  the  spokes  are  sprung 
slightly;  this  is  called  dishing  the  wheel.  To 
make  all  the  wheels  uniform  when  the  spokes 
are  forced  in  they  are  given  a little  dish,  and 
when  the  tire  is  shrunk  on  it  adds  to  the  dish. 

A type  of  wheel  used  on  both  wagons  and 
buggies  is  known  as  the  Sarven  patent  wheel 
A great  many  more  spokes  are  used  in  it  than 
the  ordinary  wood  hub  wheel  and  these  are 
driven  so  as  to  form  a solid  arch  around  the  en- 
tire hub.  The  hub  is  covered  with  metal 
flanges,  the  two  sides  being  bolted  together 
with  eight  or  ten  bolts.  The  metal  covering 
protects  the  hub  and  prevents  its  decay. 
This  type  of  wheel  is  very  strong;  the  schedule 


Pig.  7.  The  dish  is  the 
essential  feature  of  wheel 
construction. 


permits  its  use  only 
on  steel  axles  such  as 
are  used  for  western 
trade. 

In  the  carrying  out 
of  the  plan  for  the 
standardizing  of  wag- 
ons, there  were 
adopted  recommenda- 
tions made  by  the 
United  States  Depart- 
ment of  Agriculture 
after  much  experimen-  Fig.  8.  section  of  hub  of 
tation.  These  had  to  a Sarven  patent  wheel 
do  with  the  widths  of 

tires  and  the  diameters  of  skeins  for  wagons 
of  the  different  standardized  classes  and  ca- 
pacities. The  dimensions  finally  decided 
upon  are  as  follows: 


TYPE  AND  CLASS 
or  WAGON 

CAPA- 

CITY 

(Lbs.) 

TIRES  (IN.)  | 

DIAM- 
ETER Or 

SKEIN 

(IN.) 

THICK- 

NESS 

WIDTH 

Class  A.  ( Light 
Farm  \ Medium 
Wagons  J Standard 
and  (Tears  V Heavy  . 

1.500 

3.000 

4.500 

6.000 

2,3or  4 

Itol 

2I 

2 

3 

3j 

yjju?  f Medium 
1Z  1 Standard 

Heavy 

3.000 
4,500 

6.000 

2,  3 or  4 

ftol 

2] 

3 

3] 

! 

Class  C ( Light 
Mountain  3 Medium 
Wagons  ] Standard 
and  Gears  t Heavy 

2.500 

4.000 

5.500 

7.000 

2,  3or  4 

»toJ 

ij 

i! 

JP82.1&T 

1,000 

1,250 

1,500 

11  to  4 

A to* 

2 

2 

2j 

r 

► 


* The  standard  heights  for  both  wood  and 
steel  wheels  for  farm  wagons  are  40-44  inches 
and  44-48  inches.  Wood  wheels  for  trucks 
are  to  be  made  only  36  and  40  inches,  and 
steel  wheels  for  trucks  only  28  and  32  inches. 

The  axle.  The  axle  is  another  important 
feature  in  wagon  construction  since  it  is  the 
site  of  many  breaks.  Axles  are  made  of 
both  steel  and  wood.  There  are  several 
types  of  steel  axles,  the  commonest  three  being 
the  hollow,  the  solid  square,  and  the  I-beam. 
On  account  of  the  tubular  shape  of  the  hollow 
axle  it  will  stand  equally  well  a strain  from 
any  direction,  and  for  this  reason  it  is  most 
desirable  in  hilly  or  mountainous  sections. 
It  is  comparatively 
a light  axle.  The 
I-beam  axle  is  of  the 
same  [construction 
as  the  steel  beams  in 
'structural  work  and 
is  very  strong.  The 
greatest  demand, 
however,  is  for  wag- 
ons with  wooden  ax- 
les [which  are  more  fig.  & Typical  hub  of  wheel 
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Fio.  ia  Three  types  of  skeins:  a steel  skein;  b bos; 
c cast  skein 

economical  and  which,  according  to  manufac- 
turers who  build  wagons  with  both  steel  and 
wooden  axles,  give  lighter  draft.  Hickory  is  the 
best  axle  material.  Wooden  axles  are  provided 
with  either  cast-iron  or  steel  skeins  (that  is, 
the  sections  which  carry  the  wheels). 

The  cast-iron  skein  is  used  exclusively 
on  wagons  built. for  central,  southern  and 
eastern  trade  and  the  steel  skein  on  wagons 

of  the  skein 


for  western  trade.  The  throat 
should  be  large  so  as  to  prevent  the  entrance 
of  sand  and  dust  into  the  boxing.  The  skein,  » 
sandboard,  and  bolster  should  be  fastened  to 
the  axle  with  clips  rather  than  bolts  whenever  ) 
possible.  (Fig.  3.) 

Many  axles  are  provided  with  a steel  truss 
that  not  only  helps  to  carry  the  load  but  also 
holds  the  skeins  in  place.  One  of  the  best 
types  of  reinforcement  is  to  have  a bar  of 
steel  in  a groove  on  the  bottom  of  the  axle. 
The  end  of  the  bar  passes  through  the  point 
of  the  skein  and  is  finished  to  take  a nut  which 
holds  the  skein  rigidly  in  place.  (Fig.  3). 

A proper  4 pitch”  or  set  of  skein  is  needed 
to  overcome  the  effect  of  the  dished  wheels.  v 
The  point  of  the  skein  is  turned  down  until 
the  supporting  spokes  are  always  vertical. 
To  prevent  the  wheel  from  crowding  out  on 
the  linchpin  or  axle  nut  the  axle  must  be 
given  some  “gather.”  This  means  that  the 
skein  must  be  put  on  the  axle  so  that  the 
points  of  the  skein  are  a little  forward.  The 
proper  adjustment  of  the  dish,  set,  and 
gather  go  a long  way  toward  making  a smooth- 
running,  light-draft  wagon.  When  the 
wheels  are  on,  the  set  is  measured  by  deter- 
mining the  difference  in  distance  between 
the  wheels  at  the  top  and  at  the  bottom. 
This  varies  from  2)  to  3J  inches  on  the  front 
— ar  and  3J  to  4J  inches  on  the  rear  gear  for 
fferent  sized  skeins.  The  gather  is  measured 


as  the  difference  in  distances  between  the  front 
and  rear  points  on  the  wheel  and  is  usually 
J inch  on  the  front  gear  and  f inch  on  the 
rear  gear.  In  the  modern  wagon  factory 
the  skeins  are  forced  on  by  powerful  presses, 
and  gauges  are  used  to  see  that  each  skein 
is  equally  distant  from  the  centre  of  the  axle 
and  nas  proper  set  and  gather. 

Kinds  of  gears.  Only  one  gear  with  but 
one  height  of  bolster  is  now  made  for  each 
capacity  of  wagon.  The  front  gear  may  be 
of  drop,  slip  or  coach-tongue  type.  Gears 
are  made  with  either  square  or  bent  hounds. 
The  square  hounds  are  usually  recommended 
because  they  are  much  easier  to  repair  in  case 
of  an  accident. 

Bolsters.  The  bolsters  should  be  well 
ironed  to  resist  rough  usage;  if  ironed  full 
length  on  top,  it  is  an  advantage.  They 
should  be  provided  with  suitable  stakes 
rigidly  fastened  to  them  by  irons.  A suitable 
wearing  plate  should  be  provided  between  the 
sandboard  and  bolster  on  the  front  gear  to 


[Flo.  1L  Drop  tongue  front  gear,  with  square  hounds 


Fig.  12.  Drop  tongue  front  gear,  with  bent  hounds,  still 
in  use  in  some  localities 

make  turning  easy.  The  new  style  cup  and 
saucer  bolster  plate  is  one  of  the  best  types, 
and  it  takes  the  strain  off  the  king  bolt  and 
prevents  the  sandboard  from  splitting.  On 
some  wagons  a fifth  wheel  is  provided  be- 
tween the  bolster  and  sandboard.  With  a 
constructed  fifth  wheel  the  strain 
stter  distributed  between  the  front 
bolster  and  sandboard  than  with  the  old  style, 
straight  bolster  plates.  While  there  are  many 
good  features  about  the  fifth  wheel  for  use  in 
wagons  they  have  not  come  into  general  use. 

The  reach  or  coupling  pole  should  be  flexi- 
ble and  made  of  good,  tough,  straight-grained 
oak  so  that  it  will  resist  any  strain  when  one 
wheel  drops  into  a hole  or  rises  over  an  ob- 
struction. Reach  boxes  should  be  provided 
on  wagons  with  wooden  axles  to  prevent  vi- 
bration and  wear  on  the  axle  and  sand  bolster. 
The  reach  construction  is  restricted  to  the 
rectangular  type  only. 

Tongues  must  also  be  made  from  tough, 
straight-grained  timber  and  be  both  strong 
and  elastic.  The  drop  tongue  is  not  as 
easily  replaced  as  the  stiff  tongue.  A special 
tongue  and  front  gear  is  provided  for  working 
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Fig.  13.  Two  type#  of  spring  bolsters:  a ane-boroe  Fig.  15.  Three  types  of  brake  levers:  a Colorado  foot 
■ingle;  b two-hone  double  lever;  b Giealer  handle;  c Palla  handle 


oxen.  When  these  are  used  the  draft  is  from 
end  of  the  tongue  instead  of  from  the  front 
gear  by  traces  and  whiffletrees. 

The  wagon  box.  Wagon  boxes  are  now 
made  in  one  width  only  to  fit  between  stakes  • 
set  38  inches  apart,  and  are  without  foot 
boards.  The  sides  and  ends  are  best  made 
of  poplar,  though  some  manufacturers  use 
yellow  cottonwood.  Long-leaf  pine  makes  a 
good  bottom,  but  all  bed  sills  should  be  of 
oak.  All  points  on  the  bed  where  the  bolster 
rubs  should  be  ironed,  and  there  should  be 
a rub  iron  for  the  front  wheel.  The  bed  should 
be  provided  with  rods  and  chains  to  prevent  its 
spreading  when  heavily  loaded. 

The  bed  is  often  removed  and  the  running 
gear  used  for  hauling  logs  or  lumber;  or  a 
special  rack  may  be  put  on  for  hauling  hay. 
It  is  such  a task  for  a man  or  even  2 men  to 
remove  a bed  and  put  on  a heavy  hay  rack, 
that  there  has  been  developed  a convertible 
wagon  bed  which  is  a great  labor  saver. 
(See  Figs.  21,  22  and  23.)  Such  a bed  must 
necessarily  be  well-braced  and  strongly  built 
of  the  best  material  obtainable.  A farmer 
who  has  a shop  and  is  handy  with  tools  could 
make  such  a bed  during  his  spare  time. 

Bolster  springs.  It  is  a mistake  that  springs 
are  so  little  used  on  farm  wagons.  Certainly 
all  light  wagons  should  be  equipped  with 
them,  especially  if  the  wagon  is  used  in  deliv- 
ering garden  truck,  fruit,  or  other  easily- 
bruised  products.  Springs  lessen  the  effect 
of  bumps,  make  possible  faster  driving  and 


the  hauling  of  a larger  load,  and  give  the 
driver  more  comfort  and  satisfaction.  The 
two  types  in  use  are  the  coil  and  the  leaf 
spring,  the  latter  seeming  to  give  better  satis- 
faction. 

Brakes  are  a necessity  in  hilly  country. 
There  are  two  types.  The  box  brake  is  used 
most  on  light  one-  and  two-horse  wagons; 
the  objection  to  this  type  is  that  it  tends  to 
weaken  the  box.  The  gear  braJce  is  used 
on  both  light  and  heavy  wagons.  It  does 
not  weaken  the  box  and,  further,  it  may  be 
used  when  the  gear  without  the  box  is  used 
for  hauling. 

Lock  chains.  In  some  sections  instead  of 
a brake,  chains  are  used  to  lock  one  of  the 
rear  wheels.  These  are  attached  to  the 
wagon  bed  and  fastened  to  the  wheel  by 
means  of  a latch.  The  disadvantage  is  that 
this  device  puts  undue  strain  on  Doth  the 
wheel  and  the  bed,  and  is  inconvenient  to 
lock  and  unlock  when  the  wagon  is  heavily 
loaded. 

Width  of  wagon  track.  In  the  past  all 
wagons  were  constructed  to  meet  local  re- 
quirements. Two  widths  of  wagon  tracks 
gradually  developed;  (1)  the  narrow  or  regular 
measuring  4£  feet  from  centre  to  centre  of 
tires;  ana  (2)  the  wide,  measuring  6 feet. 
The  regular  width  was  used  nearly  altogether 
in  the  northern  states  and  the  wide  width  in  the 
western  states.  As  already  mentioned,  all  wag- 
ons are  now  constructed  with  a 56-inch  track, 
which  is  the  standard  tread  for  automobiles. 
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finished  are  soaked  in  linseed  oil  and  put 
into  a warm  room  for  from  3 to  8 months 
so  that  the  oil  will  penetrate  into  the  wood 
before  the  paint  is  applied.  One  coat  of 
paint  should  be  applied  before  the  ironing 
is  done  to  keep  the  moisture  from  enter- 
ing the  wood  under  the  irons.  After  iron- 


ing, at  least  2 more  coats  of  red  lead  should 
be  applied  and  these  followed  by  a coat  of 
wagon  varnish.  Many  farm  implements  are 
given  a coat  of  paint  by  dipping,  but  this 
is  not  good  practice;  a wagon  especially 
should  be  carefully  painted  and  varnished 
all  over  by  hand. 


The  Care  of  a Wagon 

The  first  point  to  consider  in  the  care  of  a wagon  is  proper  housing.  Many 
wagons  have,  no  doubt,  been  injured  more  by  being  exposed  to  the  weather  than 
by  use.  Properly  cared  for  wagons  have  been  known  to  last  for  more  than  25 
years. 

Lubrication.  The  spindles  should  be  greased  at  regular  intervals.  Before 
the  grease  is  applied  the 
swindle  or  skein  should  be 
wiped  off  with  a rag  so  that 
all  of  the  grit  and  dirt  is  re- 
moved before  fresh  grease  is 
applied.  Do  not  wait  to 
grease  until  the  wagon 
screeches;  it  is  best  to  use  less 
grease  at  a time  and  apply  it 
oftener.  Too  much  at  a 
time  is  not  only  wasted  but 
gathers  dust  and  in  some  cases  does  more  harm  than  good.  Use  a good  grade 
of  axle  grease  and  not  one  that  “gums.” 

Care  of  wheels.  These  should  be  carefully  watched  to  see  that  the  tires  stay 
tight.  The  pounding  over  a stony  road  will  eventually  lengthen  a tire  and  with 
the  shrinking  of  the  wood  in  summer  it  may  run  off  the  wheel.  A tire  should  be 
reset  by  a competent  blacksmith  as  soon  as  it  begins  to  work  loose.  In  doing 
this  he  should  cut  enough  out  of  the  felloe  to  allow  it  to  draw  up  snugly  on  the 
spokes  and  force  them  firmly  into  the  hubs.  If  too  little  is  cut  out  the  wheel 
becomes  felloe  bound  and  the  spokes  will  work  loose.  If  too  much  is  cut  out, 
when  the  tire  is  shrunk  on  the  wheel  will  be  over  dished. 

See  that  all  bolts  are  kept  tightened  and  that  any  that  are  lost  are  replaced 
immediately;  otherwise,  the  wagon  is  weakened.  It  will  add  much  to  the  lue  of  a 
wagon  if  it  is  repainted  every  few  years  with  a coat  of  red  lead  and  oil. 


Fig.  17.  Plantation  or  dump  cart 


Types  and  Sizes  of  Wagons 


Wagon  construction  standardized.  The 
construction  of  wagons  is  now  on  a standard- 
ized basis  as  a result  of  the  efforts  of  the  Con- 
servation Division  of  the  War  Industries 
Board  and  the  cooperation  of  the  wagon  man- 
ufacturers. The  standardized  schedule  went 
into  effect  January  1,  1919,  with  the  excep- 
tion of  portions  referring  to  wheel  construc- 
tion and  the  manufacture  of  parts  for  the 
repair  of  wagons  still  in  use. 

The  standardized  manufacture  of  wagons 
makes  it  possible  to  save  material  and  labor 
through  the  elimination  of  unnecessary  types 
and  sizes.  It  means  greater  economy  in  cost 
of  handling  from  the  standpoints  of  both 
manufacturer  and  local  distributer.  A smaller 
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Pig.  19.  Farm  truck  or  handy  wagon  suitable  for  on 
with  convertible  body.  (See  Figa.  21,  22, 23.) 


stock  can  be  carried  by  the  latter  and  better 
service  given  to  the  user.  The  final  result  is 
a better  wagon  at  a saving  for  the  farmer. 

The  principal  features  of  standard  built 
wagons  are:  (1)  the  four  standard  capacities 
of  the  different  classes;  (2)  the  marking  of 
the  capacity  on  the  gear  of  each  wagon;  (3) 
the  standard  width  of  track  of  56  inches  which 
is  the  same  track  made  by  automobiles; 
(4)  the  standard  width  between  stakes,  mak- 
ing wagon  boxes  interchangeable;  (5)  the 
standard  width  of  boxes;  and  (6)  the  standard 
gear  for  each  capacity,  the  front  gear  to  be 
made  with  drop  slip  or  coach  tongue  type. 
Other  minor  details  are  also  made  standard. 


Special  Types  of  Farm  Wagon 

The  handy  wagon  or  farm  truck.  The 
handy  wagon  is  a low-wheeled,  broad-tired 
wagon  often  needed  on  every  farm.  A 
suitable  rack  fits  it  for  hauling  almost  any 
sort  of  farm  load.  Handy  wagons  can  be 
secured  with  either  metal  or  wooden  wheels, 
but  the  latter  type  are,  no  doubt,  better 
suited  for  hauling  through  mud  as  there  is 
less  tendency  for  the  wheel  to  fill  with  mud 
above  the  tire. 

The  handy  under-hung  wagon  is  a stand- 
ard high-wheeled  wagon  that  has  been  re- 
modeled to  bring  the  bed  nearer  the  ground 
for  convenience  in  loading  and  unloading. 
The  wagon-bed  proper  can  be  made  almost 
any  width  or  length  desired  depending  on  the 
strength  of  the  remodeled  wagon  and  the  size 
of  the  team.  The  remodeling  consists  of 
removing  the  rear  skeins  and  fitting  them  on 
a 4 x 6-inch  axle  long  enough  to  accommodate 
the  width  of  bed  desired.  The  beams  and  all 
other  parts  should  be  made  of  strong  materials 
and  well  ironed. 

Spring  wagons  are  much  better  adapted 
for  all  kinds  of  light  delivery  work  than  those 
without  springs.  They  can  make  better 
speed  and  are  much  used  in  truck-  and  fruit- 
growing sections.  These  wagons  may  be  of 
either  the  one-  or  the  two-horse  type  accord- 
ing to  the  capacity  desired. 

Dump  carts  or  plantation  carts  are  largely 
used  in  certain  parts  of  the  South,  principally 
on  account  of  the  easy  manner  in  which  they 
can  be  loaded,  and  because  they  can  be  gotten 
to  the  point  of  loading  with  much  less  dif- 
ficulty than  can  a wagon.  They  are  still  used 


in  many  southern  cities  for  drayage  work  and 
almost  altogether  for  hauling  sugar  cane  on 
many  large  Louisiana  sugar  plantations. 
One  type  of  dump  cart  is  made  by  taking  an 
ordinary  2-wheel  cart,  shortening  the  tongue 
and  fastening  it  to  the  forward  axle  of  a wagon 
with  a king  bolt.  It  can  be  turned  easier 
than  a cart  of  the  ordinary  type,  and  is  a con- 
venient cart  for  hauling  about  the  farm. 

Modern  sleds.  A great  change  has  been 
made  in  the  sled  since  it  was  first  used  by  our 
forefathers.  Climatic  conditions,  of  course, 
have  much  to  do  with  the  type  in  use. 
Throughout  the  North  where  the  snow  covers 
the  ground  for  several  months,  the  bed  is  re- 
moved from  the  wagon  and  placed  on  a bob 
sled.  Such  a sled  with  2 knees  in  each  bob 
would  have  a capacity  of  about  2 tons,  de- 
pending on  the  materials  used  and  its  con- 
struction. After  a sled  is  started  there  is 
very  little  draft  so  a team  can  pull  a much 
greater  load  on  one  than  on  a wagon.  To  get 
the  sled  in  motion  a lead  team  Is  sometimes 
used,  but  a bar  in  the  hands  of  a good  driver 
is  usually  all  that  is  necessary.  In  hilly  re- 
gions some  provision  must  be  made  to  hold 
the  load  back  when  going  down  the  slope;  a 
chain  attached  to  the  runner  and  dropped  be- 
neath it  is  often  used.  To  prevent  a sled 
from  sliding  backward  a curved  spike  is  often 
bolted  to  the  sled.  In  northern  logging  camps 
where  sleds  are  much  used,  the  heavy  work 
calls  for  strong  runners  under  a very  strong 
frame.  Northern  farmers  who  haul  out 
manure  in  winter  and  do  not  have  a manure 
spreader  will  find  a dump  sled  a great  con- 
venience. Such  a sled  is  made  by  using  the 
front  bob  of  a double  sled  and  raising  the 
framework  to  a sufficient  height  to  carry  the 
box  which  is  secured  to  it  by  means  of  eye- 
bolts,  staples,  and  pin. 

Hitches 

In  hitching  to  the  ordinary  farm  wagon, 
the  straight  2-horse  hitch  is  used.  In  using  3 
horses  in  some  localities  they  are  hitched 
abreast  by  means  of  a 3-horse  evener.  In  other 
localities  1 horse  is  hitched  to  the  point  of  the 
tongue  as  a leader  by  means  of  a single  tree. 
The  latter  method  is  also  used  in  hitching 
4 horses.  The  relation  of  the  construction  of 
the  wagon  to  its  draft  has  already  been 
mentioned.  It  is  well  to  remember  that  the 
line  of  draft,  the  length  of  the  traces,  and  the 
position  of  the  load  in  the  wagon  also  affect 
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the  draft.  The  proper  line  of  draft  varies 
with  the  type  of  road  surface.  If  this  is 
hard  and  does  not  yield  to  the  weight  of  the 
load,  the  line  of  draft  of  the  trace  should  be 
parallel  to  the  general  surface  of  the  roadway. 

If  the  wheels  sink  into  the  road  surface,  the 
line  of  draft  should  be  raised.  Shortening  the 
traces  will  do  this.  However,  any  adjustment 
of  the  traces  made  to  change  the  line  of  draft 
should  not  interfere  with  the 
they  make  with  the  hames. 
traces  should  always  be  as 
as  possible  at  right  angles  to 
hames  so  the  collar  will  bear 
formly  against  the  shoulder, 
the  point  of  the  hitch  is  very 
there  is  a tendency  to  carry 
greater  part  of  the  load  on 
withers,  which  is  objectionable 
Loading.  The  proper 
bution  of  a load  on  a wai 

a much  discussed  question.  ^ 

only  a part  of  a load  is  carried,  it  Fig.  22.  A convertible  wagon-bed.  with  sides  fully  extended  for 

is  usually  placed  well  forward  . hauling loosefodder, etc. 

on  the  wagon,  especially  if  the  . . , . 

roads  are  soft.  This,  in  effect,  raises  the  over  the  rear  wheels  for  two  reasons:  (1) 

line  of  draft  so  the  team  will  tend  to  lift  = by  lightening  the  load  forward,  a certain 

the  load  out  of  the  mud.  It  makes  little  amount  of  play  in  the  front  axle  over  rough 

difference  whether  the  load  is  forward  or  ground  is  permitted;  (2)  the  rear  wheels  are  of 

larger  diameter  than  the  front  wheels, 
ana  have  a greater  base  of  support 
and,  therefore,  do  not  cut  into  the 
roadbed  as  badly  as  the  front  wheels. 
Thus  there  is  less  draft  for  the  larger 
wheels. 

Double  trees.  To  have  a load 
uniformly  divided  between  2 horses 
where  a 2-horse  evener  is  used,  it  is 
necessary  to  have  the  3 holes  in  the 
evener  in  a straight  line.  With  an 
evener  so  constructed,  it  does  not  mat- 
ter in  what  position  the  horses  are, 
the  load  will  be  equally  divided.  If 
FK2.ZL  A convertible  wagon-bed,  with  end  gate  down  the  centre  hole  is  ahead  or  behind 

the  line  of  the  two  end  holes,  the 
back  if  the  road  is  hard  and  does  not  yield  horses  will  not  pull  the  same  except  when 
to  the  wheels.  When  the  wagon  is  fully  they  are  even.  In  one  case,  the  horse  ahead 
loaded  it  is  better  to  place  more  weight  will  be  pulling  more  and  in  the  other  case  less. 


stock 
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CHAPTER  2 


Fig.  24.  French  state  chariot  of  13th 
century 


Fig.  25.  Scythian  bouse  on  wheels 


Horse-Drawn  Pleasure  Vehicles 


By  Professor  E.  W.  Lehmann,  University  of  Missouri  ( See  Chapter  1 ).  With  the  increased 
use  of  machinery  in  modem  times,  there  is  a growing  tendency  to  think  of  the  automobile  as  the 
only  real  pleasure  vehicle.  Certainly  it  has  its  place  ( See  Chapter  £),  but  certainly  also  it  is  not 
going  to  entirely  replace  the  horse  as  a means  of  obtaining  pleasure  arid  recreation  any  more  than 
the  tractor  has  entirely  replaced  or  is  going  to  entirely  replace  the  horse  as  a source  of  power.  But 
pleasure  driving  hereafter  is  going  to  be  restricted  largely  to  the  open  country ; it  is  to  be  one  of  the 
rewards  of  those  who  live  there.  It  is  therefore  those  who  live  on  farms  who  should  know  the  most 
about  the  essentials  and  possibilities  of  pleasure  vehicles.— Editor. 

THE  development  of  pleasure  vehicles.  The  early  pleasure  vehicles  were 
very  elaborate  in  their  design  and  finish.  Along  about  the  sixteenth  cen- 
tury the  nobles  of  Europe  supplied  themselves  with  the  most  beautiful  and  ex- 
travagantly adorned  coaches;  often  thousands  of  dollars  were  spent  on  a single 
coach.  During  the  seventeenth,  eighteenth,  and  nineteenth  centuries  the  con- 
struction of  all  types  of  pleasure  vehicles  gradually  became  more  simple  and 
efficient. 

The  carriage  industry  in  America  has  existed  since  early  Colonial  times  and, 
up  to  the  census  of  1904,  its  growth  about  kept  pace  with  the  increase  in  popula- 
tion. However,  the  advent  of  the  automobile  has  had  a decidedly  retarding  in- 
fluence on  the  industry.  Many  companies  have  been  forced  to  close  their  fac- 
tories, while  others  have  turned  their  attention  wholly  or  in  part  to  the  manufac- 
ture of  automobiles. 

There  were  three  types  of  early  American  pleasure  vehicles.  One  was  a heavy 
cumbrous  2-horse  outfit  that  had  come  into  limited  use  in  England  about  1600; 
this  type  was  not  a success.  The  other  two  were  lighter  and  better  suited  to 
American  conditions  at  that  time.  One  of  these — an  open  two-wheeled  outfit — 
was  called  a chair.  The  other,  called  a chaise  (and  later  a “one-horse  shay”), 
was  simply  a chair  provided  with  a top.  Few  springs  were  used  in  those  days. 
The  vehicles  were  swung  on  braces  of  either  wood  or  leather.  Steel  springs  were 
used  as  early  as  1670,  but  it  was  not  until  1804,  when  Obadiah  Elliott  patented  the 
elliptical  spring,  which  is  now  so  widely  used  on  all  types  of  vehicles,  that  they 
were  used  to  any  extent.  The  invention  of  this  type  of  spring,  along  with  the 
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increased  building  of  improved  roads,  brought  about  the  real  development  of 
the  carriage  industry. 

Two  factors  affect  the  design  of  pleasure  vehicles:  they  are  utility  and  fashion. 
The  usefulness  of  the  horse-drawn  vehicle  is  given  more  attention  now  than 
formerly.  Practically  all  horse-drawn  pleasure  vehicles  used  at  the  present  time 
represent  forms  of  either  the  common  top  buggy  or  the  road  wagon.  The 
private  coach  of  Washington  and  the  carriage  provided  for  LaFayette  were 
much  more  elaborate  than  Lincoln’s  but  not  more  useful.  A description  of 
President  Harrison’s  buggy  tells  very  clearly  of  its  useful  features.  “It  is  for 
one  horse  and  has  a large  roomy  place  under  the  seat  big  enough  to  take  in  a 
minnow  basket,  a watermelon,  a basket  of  lunch  (even  the  catsup  bottle  may 
reach  above  the  handle),  and  a great  many  other  things  hardly  worth  mention- 
ing. Back  of  the  seat  the  place  is  all  boxed  up  so  that  the  boys  at  the  camp 
meeting  can  not  steal  anything  from  "behind.  There  is  room  under  the  seat  for 
his  shotgun  and  quail  bag.”  President  Harrison  considered  very  carefully  the 
utility  of  his  carriages. 

Types  of  Pleasure  Vehicles 


There  are  many  types  of  sporting  carriages 
and  vehicles  used  by  the  wealthy  class  of  the 
cities  and  by  men  and  women  who  show 
horses.  Coaching,  a sport  indulged  in,  in 
America,  only  by  the  rich,  is  confined  to 
New  York  and  the  neighboring  cities.  It  re- 
quires a great  deal  of  skill  and  judgment  to 
handle  a coach  with  four  or  more  horses  at- 
tached. All  these  show  vehicles  are  care- 
fully and  accurately  made.  Mr.  H.  H.  Sal- 
mon in  the  official  Horse  Show  Blue  Book 
makes  the  following  statement:  “In  vehicles 
the  standards  are  already  so  excellent  that  the 
provision  of  the  first-class  carriage  maker 
may  be  accepted  as  correct.”  In  other  words, 
the  broughams,  victorias,  hansoms,  coaches, 
phaetons,  and  carts  of  all  sorts  are  practically 
perfect  as  made  by  the  best  carriage  makers. 

The  brougham  or  coupi  is  a closed  carriage 
with  a seat  for  the  driver  in  front,  ordinarily 
called  a cab  or  “bus.”  The  victoria  is  an 
open-hooded  carriage  with  two  seats.  It  is 
used  for  park  driving  in  the  cities.  The 
hansom  (invented  in  1834  by  Joseph  Hansom) 
is  a two-wheeled  vehicle  with  the  driver’s  seat 
behind  and  above  the  body.  The  phaeton 
is  used  a great  deal,  but  the  basket  type  is 
not  as  common  as  the  ordinary  type.  The 
phaeton  may  be  provided  with  either  a fold- 
ing top  or  a canopy.  The  landau  is  a large 
carriage  for  4 passengers  with  a folding  top. 
The  rockaway  resembles  the  landau , but  is 
higher,  lighter,  and  less  costly.  It  is  quite 
suitable  for  country  use  and  for  small  towns. 

Carts.  There  is  a distinct  class  of  2-wheeled 
vehicles  used  for  pleasure  and  in  breaking 
colts  and  exercising  horses  both  in  the  coun- 
try and  in  the  cities.  An  essential  feature  of 
a light-draft  pleasure  cart  is  a proper  bal- 
ance such  that  its  weight  is  removed  from  the 
horse’s  back,  thereby  making  it  easier  to 
pull.  In  this  it  differs  from  heavy  one-horse 
work  carts.  With  them  weight  is  sometimes 
put  on  the  horse’s  back  to  increase  its  traction. 


The  gig  is  a common  type  of  cart  with  one 
seat.  The  Irish  jaunting  car  has  two  seats 
placed  back  to  back.  Road  carts  of  various 
types  are  useful,  convenient,  and  easy  on  the 
horse  but  not  very  comfortable.  The  trotting 
sulky  is  a type  of  cart  representing  a purely 
American  product.  It  is  made  light  of  draft 
by  being  provided  with  ball  bearings  and  with 
either  solid  or  pneumatic  rubber  tires.  The 
improvement  of  the  modern  sulky  has  done 
much  to  lower  trotting  records. 

Types  found  on  farms.  The  surreys  and 
carryalls  are  being  displaced  by  automobiles 
in  many  localities.  There  is  more  general  use 
of  these  types  of  vehicles  throughout  the 
South  and  East  than  through  the  North  and 
West.  Surreys  are  usually  provided  with 
either  extension  or  canopy  tops,  but  a light, 
open  surrey  is  also  used.  A surrey  should  be 
well  constructed,  of  first  class  material  and 
provided  with  2 or  3 strong  elliptical  springs. 
(For  easy  riding  the  latter  type  is  best.) 

The  greatest  demand  for  horse-drawn 
pleasure  vehicles  at  this  time  is  for  top  bug - 
aies  and  runabouts  or  open  buggies.  The 
latter  are  sometimes  called  driving  wagons. 
The  platform  spring  wagon  is  also  used  in 
some  sections.  This  type  of  carriage  is  pro- 
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FIG.  SO.  Rockaway 


vided  with  2 Beats,  the  body  is  supported 
on  a special,  half-  or  full-platform  spring.  In 
the  half-platform  spring  type,  the  rear  end  of 
the  body  is  supported  by  4 springs  arranged 
as  a platform. 

There  is  great  variety  in  the  types  and  de- 
signs of  runabouts  or  open  buggies.  One  of 
the  most  noticeable  differences  is  found  in 
the  styles  of  bodies  and  seats.  There  are  2 
general  classes  of  bodies  or  boxes.  The 
piano  box  is  either  narrow  or  wide  and  has 
the  same  height  of  panel  all  around;  the 
coming  body  has  low  panels  just  back  of  the 
dash  board.  Top  buggies  also  have  these 
two  types  of  bodies.  Nearly  all  of  the  cheap 
runabouts  are  provided  with  piano  bodies, 
but  some  of  the  highest-priced  buggies  have 
the  same  type.  As  to  variety  in  the  seats, 
some  types  of  vehicle  have  solid  one-piece 
seats;  others,  stick  seats;  and  still  others 
have  combinations  of  these. 

Essentials  of  Good  Buggy  Construction 

The  essentials  of  a good  buggy  for  pleasure 
driving  are:  (1)  lightness  of  construction  as 
well  as  light  draft;  (2)  neatness  of  design; 
(3)  excellent  and  durable  finish;  (4)  strong, 
well-braced  construction;  (5)  good  springs, 
making  easy  riding;  (6)  a reliable  fifth  wheel; 
(7)  well-secured  clips;  (8)  a strong,  well- 
made  body  wide  enough  for  comfort;  (9) 
a neat  dash  and  boot;  and  (10)  sl  seat  plenty 
wide  and  provided  with  good  springs. 

The  material  used  in  a buggy  is  selected 
and  seasoned  with  even  greater  care  than 
that  put  into  a wagon.  To  secure  liehtness, 
the  very  best  and  strongest  materials  must 
be  used.  The  hickory  used  in  carriage  con- 
struction is  from  the  younger  trees,  as  it  is 
stronger  and  more  elastic.  A distinct  ad- 
vantage is  claimed  for  American  carriage 


Fig.  31.  Phaeton 


builders  over  those  of  other  countries  on  ac- 
count of  the  superior  wood  available  here,  and 
much  American  wood  has  been  exported  for 
foreign  trade.  The  foreign  design  m carriage 
building  is  much  heavier  than  the  American. 

Wheels.  The  wheels  are  as  important  a 
part  of  the  pleasure  vehicle  as  they  are  of 
the  wagon.  The  great  majority  of  buggy 
wheels  are  of  the  Sarven  patent  type.  Some 
hubs  are  made  larger  in  the  centre  which  gives 
them  greater  strength  where  the  spokes  are 
driven  which  is  usually  the  weak  part  of  a 
wheel.  Buggy  hubs  are  quite  often  made  of 
elm,  the  spokes  and  rims  being  made  of 
straight-grain  hickory.  In  wheel  construc- 
tion the  tiring  plays  an  important  part. 
The  rims  are  nable  to  be  charred  if  the  tires 
are  put  on  hot  from  a flame.  On  some  types 
of  buggies  the  tires  are  heated  in  a tank  of 
boiling  water,  which  gives  uniformity  of  heat 
around  the  entire  tire,  and  results  in  the  pro- 
duction of  a better  wheel  than  the  earlier, 
cruder  methods.  A buggy  tire  should  always 
be  bolted  to  the  rims,  the  heads  of  the  bolts 
being  counter  sunk  into  the  tire. 

An  important  step  in  the  development  of 
pleasure  vehicle  construc- 
tion was  the  introduction 
of  rubber  tires.  The  solid 
tire  was  first  employed  in 
the  'fifties,  but  did  not  come 
into  general  use  on  pleasure 
vehicles  until  the  invention 
of  the  grooved  tire  many 
years  later.  The  pneumatic 
tire  was  introduced  in  1890, 
but,  except  for  trotting  sulk- 
ies and  light  runabouts,  it 
has  not  found  popular  fa- 
vor. On  good  macadam 
roads  and  on  paved  streets,  rubber  tires  are 
more  elastic  and  much  less  noisy  than  steel 
tires;  on  dirt  roads  they  offer  no  special  ad- 
vantages. The  amount  of  pull  required  for 
rubber-tired  buggies  is  quite  a little  less  than 
for  steel  tires,  especially  in  the  case  of  vehicles 
traveling  at  nigh  speed.  At  low  speeds  the 
draft  with  steel  and  rubber  tires  is  about  the 
same. 

The  type  of  rubber  tire  shown  at  Pig.  32 
illustrates  the  internal  wire  construction,  by 
means  of  which  the  wires  are  protected  from 
moisture  and  all  danger  of  rusting.  The 
channel  is  entirely  filled  with  rubber  prevent- 
ing the  entrance  of  dirt  and  moisture  both  of 
which  shorten  the  life  of  a tire.  Extreme  care 
must  be  observed  in  cutting  and  putting  on 
rubber  tires  of  this  sort.  The  wire  wheel  is 
used  to  a certain  extent,  principally  on  trot- 
ting sulkies  and  runabouts  used  for  park  driv- 
ing in  cities;  but  very  little  on  the  farm. 
The  principal  advantage  of  wire  wheels  id 
lightness.  Such  wheels  are  usually  provided 
with  either  roller  or  ball  bearings  and  pneu- 
matic rubber  tires,  which  together  reduce  the 
draft  to  the  lowest  possible  point. 


Fig.  32.  Solid  rub- 
ber tire  showing  the 
internal  wire  con- 
struction. 
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Axles.  Buggies  are  usually  provided  with 
either  arch  or  drop  axles.  The  true  arch  axle 
is  a little  more  expensive.  Best  axles  are  of 
solid  steel  capped  with  straight-grained  hick- 
ory. The  type  of  axle  called  the  long-distance 
axle  should  be  selected.  It  has  2 lengthwise 
and  2 crosswise  grooves  on  the  spindle  which 
insure  positive  and  thorough  lubrication. 

It  should  also  have  a collar  to  protect  the 
spindle  from  dirt  and  grit.  The  axle  must 
have  the  proper  set  at  all  times  so  that  the 
under  spoke  is  always  vertical  and  so  the  box 
will  not  wear  and  will  hold  grease.  To  test 
the  proper  set  and  gather  on  an  axle,  place  Fig.  sl  Buggy 

the  wheels  on  the  spindle  just  enough  to  give 

them  holding  power,  then  pull  the  buggy  greatest  cause  of  failure  of  shafts  is  the  prac- 

forward  and  watch  the  wheels  go  m place,  tice  of  backing  or  cramping  the  buggy,  which 

Proper  set  and  gather  of  axle  insure  a light-  brings  a strain  on  the  bend  of  the  shaft 

running  vehicle.  x.  causing  it  to  splinter  and  break.  A good 

The  reach.  The  bars  connecting  the  type  of  shaft  has  the  bend  properly  strength- 

front  and  rear  running  gear  are  called  the  ened  by  trusses  or  braces.  It  is  an  advantage 

reach.  There  are  several  types  in  use.  to  have  quick  couplers  connecting  shaft 

The  double  bar  or  twin  reach  is  used  a great  to  axle.  This  is  especially  true  when  it  is  de- 
deal, but  there  are  also  the  diverging  double  sirable  to  change  from  shaft  to  a pole.  With 

reach  and  the  single  reach.  All  buggies  made  standard  couplers  there  is  no  noise  from  loose 
fay  hand  many  years  ago  had  a single  reach,  bolts. 

The  double  reach  in  addition  to  having  all  of  Springs.  The  type,  strength,  and  elasticity 
the  features  of  the  other  types  is  more  nexi-  0f  tne  springs  determine  the  easy-riding  quali- 

ble,  and  has  a more  positive  recovery  should  ties  of  a buggy;  the  type  also  affects  its  draft 

the  wheel  strike  an  obstruction.  The  reach  and  its  length  of  life.  A stiff  set  of  springs 

not  only  makes  hard  riding  but  also  throws  a 
strain  on  some  other  part  of  the  buggy,  event- 
ually shortening  its  life.  Springs  must  be 
firmly  set  in  place  on  both  the  front  and  rear 
axles  to  prevent  any  swaying  forward  or 
backward. 

Box  or  body.  The  piano  type  of  body  is  in 
Fig.  33.  Dust-proof  axle  most  general  use  on  top  and  open  buggies. 

The  framing  of  buggy  bodies  is  of  oak  or  ash 
must  be  of  correct  length,  or  troubles  with  and  the  sides  and  panels  of  clear  yellow  poplar, 
the  fifth  wheel  will  result.  If  the  reach  be-  Many  buggy  bodies  are  made  by  putting 

comes  bent  or  sprung  out  of  alignment,  it  screws  through  the  panels  from  the  outside 

will  cause  the  upper  and  lower  parts  of  the  and  filling  the  screw  holes  with  wooden  plugs, 

fifth  wheel  to  fit  together  unevenly,  thereby  After  such  buggies  have  been  in  use  for  sev- 

causing  undue  wear.  Proper  attachment  of  eral  years  the  plugs  swell  and  eventually  drop 

the  reach  also  insures  that  the  rear  wheels  out.  The  bodies  made  by  attaching  the 

will  track  with  the  front  wheels  making  lighter  panels  with  glue  and  screws  from  the  inside 

draft.  It  is  claimed  by  some  that  an  elastic  have  a smooth  surface  for  paint  and  Are  more 
reach  is  better  than  a stiff er  one,  but  the  lat-  satisfactory  in  the  end.  Every  body  should 
ter  type  is  in  more  general  use.  A type  which  be  well  braced  and  supported,  especially  at 
is  highly  recommended  is  the  full  length  hick-  the  corners  and  the  support  for  the  seat,  to 
ory  reach  with  channel  iron  support.  Every  prevent  it  spreading.  A good  dash  brace 
type  of  reach  should  be  well  braced  and  its  is  essential. 

connections  are  better  made  with  clips  than  The  seat  There  is  a variety  of  types 
bolts.  of  seats;  that  selected  should  be  considered 

Fifth  wheel.  The  best  fifth  wheels  are 
made  of  wrought  iron,  which  is  tough  and 
strong.  There  should  be  no  strain  on  the 
king  bolt  when  in  place.  It  should  simply 
hold  the  2 parts  of  the  fifth  wheel  snugly 
together. 

Shafts  and  poles.  Shafts  should  be  made 
of  a good  grace  of  straight-grained  hickory. 

A shaft  must  be  elastic  so  it  can  bend  without 
breaking.  Heavily  ironed  shafts  and  poles 

are  not  always  an  indication  of  quality.  The  Fig.  35.  Runabout 
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„ Fig.  36.  Two  types  of  quick  couplers 


from  a standpoint  of  comfort  and  utility 
as  well  as  of  beauty.  There  are  plain  driving 
wagon  seats,  solid  one-piece,  oval-back  seats, 
stick  seats,  combination  stick  and  panel  seats, 
the  automobile  type  and  others.  Some  are 
made  of  wood  with  carved  sunken  panels, 
others  of  metal  lined  with  hardwood.  The 
design  of  the  seat  should  not  be  considered 
an  important  factor  in  selecting  a buggy,  but 
it  can  add  much  to  its  looks.  The  style  of 
buggy  varies  to  a certain  extent  with  the 
locality.  In  many  places  the  automobile  pat- 
tern of  seat  is  most  common,  while  in  other 
localities  a buggy  with  this  type  of  seat 
could  hardly  be  sold.  Through  the  South 
and  Southeast  the  seat  with  low  panel  sides 
and  low  panel  back  is  still  used.  Every  seat 
should  be  well  ironed  and  braced  and  the 
cushion  supplied  with  a sagless  spring.  A 
good  cushion  goes  far  toward  making  a buggy 
comfortable  and  easy  riding. 

Top.  The  top  is  often  one  of  the  first  parts 
of  a buggy  to  become  shabby  and  go  to  pieces, 
because  of  the  poor  material  used  in  its  con- 
struction. The  top  sags  because  the  bows 
have  not  been  properly  braced;  or  because 
some  of  the  folding  joints  break  on  account  of 


flimsy  construction. 

The  props  should  be  of 
steel  for  strength.  If 
covered  with  a poor 
grade  of  material,  a 
leaky  top  results.  The 
best  buggies  are  pro- 
vided with  full  leather 
tops.  A cheaper  top  is 
the  “quarter  leather” 
type,  which  is  a top 
with  leather  sides 
above  the  curtains, 
while  the  roof  is  made 
of  rubber  or  oil  cloth. 

The  poorest  grade  of 
tops  are  covered  en- 
tirely with  rubber  or 
oil  cloth.  The  covering  for  both  the  seat 
and  top  should  be  in  keeping  with  the  style, 
construction,  and  quality  of  the  vehicle  as  a 
whole. 

Painting  a buggy.  The  painting  of  a 
buggy  is  very  important  and  should  be  done 
only  by  an  expert.  The  best  results  can  be 
obtained  only  by  using  the  best  of  materials 
and  allowing  each  coat  to  harden  sufficiently 
before  another  coat  is  applied.  In  all  12  to 
18  coats  should  be  applied.  Several  coats 
of  filler  should  be  used  and  between  coats  the 
surface  should  be  well  sandpapered.  The 
finishing  coat  should  be  of  the  nest  quality 
varnish  made  of  pure  gum.  On  all  of  the 
best  grade  of  buggies  the  outside  irons  such  as 
steps,  dash  braces,  and  toe  rails  are  given 
two  coats  of  japan  and  thoroughly  baked. 
This  treatment  prevents  the  unsightly  ap- 
pearance of  rust  on  these  parts  shortly  after 
the  vehicle  has  been  put  into  service. 


Fig.  37.  Cross-section 
showing  construction  of 
Sarven  wheel  as  used  on 
light  vehicles. 


Care  of  Buggies  and  Carriages 

The  first  requirement  in  the  proper  care  of  a buggy  or  carriage  is  to  have  it 
properly  sheltered  from  the  sun  and  rain  when  not  in  use.  The  common  practice 
on  many  farms  of  keeping  the  carriage  in  a space  provided  in  the  bam  next  to 
the  stables  is  not  a good  one,  for  the  ammonia  in  the  ma- 
nure fumes  is  harmful  to  the  varnish.  It  is  best,  there- 
fore, to  provide  a shed  apart  from  the  bam  in  which  to 
keep  the  carriages. 

To  keep  a good  finish  on  a 
buggy,  mud  should  not  be  allowed 
to  dry  on  its  surface.  Care  must 


Fig.  38.  Braced  shaft 


Fig.  39.  Piano-box  body  showing  metal  bracing 
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be  observed  in  removing  mud  and  grit  to  avoid  scratching  the  varnish.  It  is  best 
to  soak  the  mud  loose  and  rinse  it  off  by  means  of  a hose  or  by  dashing  water  on 
the  surface  with  a bucket.  The  use  of  cold,  soft  water  is  best. 

To  dean  a varnished  surface  or  leather  dash  that  looks  “smoky,”  use  a mix- 
ture of  1 part  linseed  or  olive  oil  and  4 parts  good  vinegar.  See  that  all  dirt  is 
removed  from  the  surface  and  that  it  is  dry,  then  apply  the  mixture  liberally 
with  a soft  doth  until  the  surface  is  thoroughly  wet;  finally  wipe  clean  and  polish 
with  a dry  cheese  doth.  The  mixture  must  be  shaken  frequently  while  being 
used.  Where  the  buggy  has  been  used  for  a year  or  two  the  dash,  top,  and  seat 
will  become  marred  and  discolored.  To  restore  a new  black  appearance  a dress- 
ing, such  as  is  made  by  a number  of  large  varnish  companies,  should  be  applied. 

If  a buggy  is  used  a great  deal,  it  should  be  revamished  each  year.  Before 
revamishing  see  that  all  parts  are  tightened,  then  rub  the  surface  with  ground 
pumice  stone  and  water  until  all  the  gloss  is  removed  and  a clean,  smooth  surface 
is  secured.  Have  the  surface  thoroughly  dry,  then  carefully  apply  a new,  even 
coating  of  varnish. 

All  dips  and  bolts  should  be  kept  tight.  The  buggy  that  is  neglected  along 
this  line  becomes  in  a few  years  a veritable  “rattle  trap.”  The  king  bolt  and 
attachment  of  the  fifth  wheel  to  the  gear  should  be  watched.  Grease  the  fifth 
wheel  occasionally,  but  do  not  apply  too  much  oil  as  it  will  collect  dust  and  cause 
undue  wear.  It  is  well  to  always  clean  the  spindle  before  it  is  greased.  A 
trouble  sometimes  experienced  is  that  the  boxing  in  the  hub  becomes  loose;  this 
occurs  mostly  in  the  cheaper  grades  of  vehicles.  Care  must  be  observed  in  driv- 
ing the  box  back  into  place  to  prevent  breaking  it.  This  can  be  done  after  proper 
wedging  by  using  a piece  of  hardwood  placed  on  the  box  and  by  driving  with  a 
heavy  hammer. 

Buggies  that  have  been  used  a number  of  years  can  often  be  put  in  first-class 
condition  at  a comparatively  small  expense.  The  chief  thing  required  is  a little 
interest  on  the  part  of  the  owner.  A new  dash  and  probably  a few  other  parts 
will  need  to  be  replaced.  After  all  parts  are  thoroughly  tightened,  go  over  the 
surface  with  sandpaper  then  apply  one  or  two  coats  of  prepared  carriage  paint 
which  can  be  secured  at  a reasonable  price.  The  results  will  be  most  gratifying. 

Selecting  a buggy  or  carriage.  In  selecting  a buggy  or  carriage  many  factors 
should  be  considered.  Its  usefulness,  that  is,  whether  or  not  it  will  meet  the 
needs  of  the  family,  is  one  of  the  first.  A carriage  should  be  selected  that  has 
some  style.  It  should  be  strong,  well-built,  and  have  ample  room.  It  should  also 
be  easy  to  pull  and  have  easy  riding  qualities.  It  should  be  well  designed  with  all 
parts  of  sufficient  strength.  Since  it  is  almost  impossible  to  recognize  all  of  the 
good  and  poor  qualities  of  a vehicle  when  examining  it  on  a dealer’s  floor,  it  is 
best  to  select  a carriage  that  is  known  to  be  of  good  quality  and  manufactured  by 
a company  that  has  been  in  the  business  a great  many  years,  and  that  is  likely 
to  stay  in  it  for  some  time  to  come. 


Digitized  by  v^.ooQle 


CHAPTER  3 


The  Use  and  Care 
of  Farm  Harness 


By  J.  L.  Edmonds,  Assistant  Professor , Horse  Husbandry , College  of  Agriculture  of  the  Uni- 
versity of  Illinois , where  since  1910  he  has  had  charge  of  the  horse  breeding,  the  experimental  horse 
feeding , and  one  of  the  Animal  Husbandry  Department  farms.  He  graduated  from  the  Ohio  College 
of  Agriculture  and  then  spent  2 years  in  charge  of  horse  work  at  the  Minnesota  College.  He  has 
obtained  additional  practical  experience  by  working  on  a number  of  general  farms , and  the  following 
large  stock  farms  where  horses  are  an  especially  important  feature:  Irvington  Farm , Sewickley,  Penn., 
Meadow  Lawn  Farm,  St.  Cloud,  Minn.,  and  Oak  Hill  Farm,  Aldie,  Va.— Editor. 


SKILL  in  the  selection,  fitting,  and  care  of  farm  work  harness  contributes  much 
to  the  economical  use  of  horse  power  on  the  land.  The  horse  that  works 
comfortably  will  do  his  work  on  less  feed  than  will  the  horse  that  is  irritated  by 
poorly-chosen  and  ^properly-fitted  harness;  furthermore,  it  is  less  likely  to  form 
baa  habits.  Injuries  caused  by  ill-fitting  harness  increase 
the  possibility  of  a horse  becoming  restless  when  being 
harnessed  and  hitched,  and  may  lead  to  the  more  serious 
vices  of  balking  and  running  away.  Making  a good  ap- 
pearance with  a team  has  a tendency  to  improve  not  only 
the  horsemanship  of  the  driver  but  also  the  quality  of  his 
other  work.  Because  of  the  direct  and  indirect  benefits 
dependent  upon  it,  this  subject  of  harness  is  worthy  of  care- 
ful consideration. 

Harness  making.  Harness  values  are  quite  largely  de- 
termined by  the  quality  of  the  material  and  workmanship 
employed  in  them  making.  The  best  harness  leather  is 
made  from  steer  and  heifer  hides  which  are  free  from  cuts, 
scars,  and  rough  grain.  Packer  steer  hides  make  the  best  grade  of  harness  leather; 
country  butcher  hides  make  the  cheaper  grades,  the  reasons  being  that  the  best 
cattle  usually  go  to  the  larger  markets,  and  the  big  packers  located  there  exercise 
more  care  and  skill  in  taking  off  and  handling  the  hides.  After  the  hair  has  been 
removed,  these  hides  are  carefully  tanned  by  being  soaked  in  a series  of  bark  baths 
of  gradually  increasing  strengths.  Most  harness  leather  at  the  present  time  is 
tanned  with  combinations  of  materials  blended  in  varying  proportions;  the  prin- 
cipal ones  employed  are  oak  bark,  hemlock  bark,  chestnut  wood  extract,  and  que- 
bracho extract.  There  is  very  little  harness  leather  which  is  either  pure  oak  or 
pure  hemlock  tanned.  It  takes  approximately  5 months  properly  to  tan  and 
finish  harness  leather,  although  the  cheaper  grades  are  rushed  through  faster. 

The  qualify  of  the  leather  is  largely  determined  by  its  feel,  and  can  be  much 
more  readily  judged  in  the  side  than  after  being  made  up  into  harness.  Good 
leather  has  a firm  and  mellow  feel.  The  strength  of  a strap  depends  upon  the 
part  of  the  hide  from  which  it  is  taken  and  upon  the  way  it  is  cut.  Neck,  belly, 
and  leg  pieces  have  not  the  strength  of  those  cut  from  the  back  and  side;  cutting 
across  the  grain  very  materially  weakens  the  strength  of  a strap.  For  reasons  of 
economy,  the  harness  maker  sometimes  uses  weak  pieces  where  they  should  not 
be  used.  Because  these  things  are  not  easily  determined  after  leather  is  made 
into  harness,  the  honesty  of  the  manufacturer  counts  for  much. 
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Metal  parts.  Metal  mountings,  buckles, 
etc.,  vary  greatly  with  respect  to  their  design 
and  the  materials  from  which  they  are  made. 
Commonly,  they  are  either  of  brass,  japanned 
white  metal,  or  nickel-plated.  Brass  is  the 
showiest  material  and  is  almost  universally 
used  on  heavy  show  harness  and  harness  of 
which  the  use  has  advertising  value.  Too 
much  brass  on  a farm  harness  looks  out  of 
place,  and  its  proper  care  requires  time  and 
labor  that  might  be  more  profitably  used  else- 
where; brass  does  not  rust,  but  tarnishes 
quickly.  Where  the  teamster  has  but  a single 
team  to  look  after,  as  is  often  the  case  in  the 
city,  this  brass  may  well  be  worth  the  effort 
needed  to  keep  it  bright  because  of  the  extra 
attention  it  attracts.  On  the  farm  harness, 
it  is  well  to  confine  the  brass  to  the  rosettes 
and  brow  band  on  the  bridle  and,  possibly,  to 
buckle  shields;  the  balance  of  the  hardware 
may  well  be  japanned,  thus  presenting  a neat 
appearance  without  requiring  an  undue 
amount  of  time  for  cleaning  mountings.  In 
this  connection  it  should  be  said  that  the  use 
of  large  numbers  of  celluloid  rings  is  to  be 
discouraged  as  they  do  no  good  but  are  in  the 
way,  and  also  add  useless  weight  to  the  har- 
ness. In  general,  the  same  considerations 
hold  true  for  the  farm  buggy  harness  as  for 
the  work  equipment.  Genuine  rubber  mount- 
ings or  trimmings  (which  are  really  iron  parts 
4 covered  with  hard 
vulcanized  rubber) 
are  to  be  preferred 
on  light  harness.  A 
harness  so  trimmed 
is  not  only  more  eas- 
ily kept  dean  (since 
wiping  off  is  all  that 
is  required)  but  also 
looks  better  than  the 
one  on  which  cheap 
nickel  an]d  brass 
mountings  are  used. 

Hand  vs.  machine 
made  harness.  The 
best- appearing  and 
highest-priced  har- 
ness was  formerly 
made  throughout 
byskilled  handlabor, 
and  some  high-class 
custom  shops  still 
make  their  best  har- 
ness that  way.  A 
point  is  finally 
reached,  however, 
beyond  which  addi- 
tional hand  labor 
adds  mainly  if  not 
solely  to  the  appear- 
ance rather  than  the 
strength  of  the  har- 
ness. From  the 
standpoint  of  utility, 
the  use  of  improved 


machines  for  stitching  is  entirely  satisfactory. 
They  draw  stitches  tighter  and  lock  them  more 
securely  than  can  be  done  by  hand.  In  these 
machines  the  thread  is  worked  through  hot 
wax  which  thoroughly  penetrates  the  thread. 
With  hand-stitching  the  wax  is  put  on  cold,  and 
hence  gets  no  farther  than  the  surface.  Hand- 
stitching  is  always  necessary  in  the  case  of 
8m all  parts,  such  as  around  buckles,  rings,  etc. 
Plain  stitching  should  always  be  chosen. 
The  employment  of  scrolls  and  other  fancy 
designs  detracts  from  the  appearance  of  the 
harness  and  adds  nothing  to  its  strength.  In 
the  end,  and  all  along  the  line,  it  pays  to  pay 
for  good  material  and  good  workmanship. 
The  so-called  cheap  harness  always  looks  the 
part  and  is  short-lived. 

Harness  styles.  All  harness  should  be 
neat  and  appropriate  in  design  and  so  con- 
structed as  to  be  heavy  enough  to  withstand 
severe  strain.  Some  farm  harness,  how- 
ever, are  made  heavier  than  need  be;  this 
(especially  with  regard  to  those  parts  which 
ao  not  bear  the  heavy  strain  of  the  load)  in- 
volves needless  expense  and  makes  them 
cumbersome.  The  particular  style  of  harness 
to  be  chosen  depends  upon  the  use  to  which 
it  is  to  be  put.  Prevailing  styles,  if  by  chance 
there  be  enough  similarity  to  permit  this 
statement,  vary  greatly  in  different  sections 
of  the  country,  sometimes  with  considerable 
reason  and  some- 
times without  much. 

A mountainous  coun- 
try requires  a differ- 
ent style  from  that 
which  might  serve 
well  in  the  level 
plains  country. 

Again,  a harness  of 
few  parts  might  an- 
swer the  purpose 
when  used  largely 
for  plowing,  harrow- 
ing, and  similar  jobs, 
while  much  pulling 
and  backing  of 
heavily-loaded  wag- 
ons would  require  a 
much  more  compli- 
cated outfit.  Obvi- 
ously, much  would 
be  gained  if  a style 
well  suited  to  local  re- 
quirements were  se- 
lected for  use  on  a 
iven  farm  and  all 
am  ess  purchased 
thereafter  were  cho- 
sen to  conform 
closely  to  the 
original  pattern. 

Fitting  Harness 

An  ill-fitting  har- 
ness lessens  both  the 


Fig.  46.  Double  bar; 
twisted  wire  bit.  used  for 
horses  hard  to  hold. 


Fig.  47.  Rockwell  bit,  a 
very  useful  bit  for  hard- 
mouthed  horses. 


Fig.  48.  J.  I.  C.  bit;  a 
severe  bit 


Fig.  49.  Bit  to  prevent 
tongue  lolling 


Fig.  50.  Over-check  bit 
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quantity  and  the  quality  of  work  a horse  is 
capable  of  performing;;  and,  as  has  been 
pointed  out,  it  may  be  the  means  by  which 
an  honest,  free  worker  is  made  into  an  unre- 
liable one,  or  even  into  a balker.  Proper 
attention  to  fitting  harness  is  particularly 
important  in  the  case  of  farm  horses;  the 
working  season  in  the  spring  is  so  short  as 
to  make  it  imperative  that  all  losses  of  time 
due  to  poorly  fitting  harness  be  prevented. 

The  bridle.  The  factors  which  govern  the 
fitting  of  the  bridle  are  the  shape  of  the  horse’s 
head  and  his  disposition.  The  cheek-pieces 
should  be  so  adjusted  that  the  bit  will  not 
be  so  low  in  the  horse’s  mouth  as  to  bother 
him  and  permit  him  easily  to  get  his  tongue 
over  it;  on  the  other  hand,  it  should  not  be  so 
high  as  to  raise  the  comers  of  the  mouth  and 
pinch  the  cheeks.  It  is  generally  advisable 
to  adjust  the  bit  rather  high  in  a young 
horse’s  mouth  so  as  to  prevent  his  getting  his 
tongue  over  it.  The  best  plan  is  to  fit  the 
horses  that  are  worked  regularly  with  strong, 
jointed  snaffle  bits.  Good  horsemen,  how- 
ever, find  it  necessary,  occasionally,  to  resort 
to  something  more  severe,  such  as  a double- 
twisted  wire  or  a “bicycle”  bit.  Needless  to 
say,  pressure  should  be  strongly  applied  to 
these  bits  only  when  the  horse  attempts  to 
bolt.  Mouths  are  easily 
ruined  by  severe  bits  used 
by  unskilled  drivers.  The 


Fig.  52.  A team  harness  with  back  pad  and  strap 


brow  band  must  not  pinch  the  thin  skin  at  the 
base  of  the  ears.  Blinkers  or  blinds  must  be  kept 
in  place  and  must  not  fit  too  closely  in  front. 
The  propriety  of  training  and  working  some 
horses  without  blinds  is  not  questioned.  How- 
ever, experience  with  large  numbers  of 
work  horses  has  convinced  the  writer  that 
the  great  majority  of  horses  work  more 
pleasantly  and  are  less  likely  to  “loaf  on  the 
job”  when  blinds  are  used.  The  moderate 
use  of  side  check-reins  or  plain  bearing-reins 
is  to  be  recommended  for  work  horses  to 
prevent  their  getting  their  heads  down  to  eat 
grass  when  stopped,  and  also  to  prevent 
their  bridles  being  caught  on  the  end  of  the 
pole. 

The  collar.  For  heavy  work,  well-made 
leather  collars  give  the  longest  service.  No 
part  of  the  harness  deserves  more  careful 
fitting  than  the  collar.  With  the  horse  hold- 
ing his  head  in  the  position  in  which  he  keeps 
it  when  at  work,  a collar  should  so  fit  that, 
when  pressed  firmly  back  with  the  hands,  it 
has  an  even  contact  or  bearing  against  all 
parts  of  the  shoulders,  and  leaves  enough 
space  at  the  windpipe  to  insert  the  flat  of  the 
hand.  By  making  use  of  some  one  of  the 
many  different  styles  of  collars,  and  keeping 
them  clean,  it  is  possible  to  fit  properly  almost 
all  horses  and  keep  their  necks  and  shoulders 
in  shape  for  work.  Hame  straps  should  be 
properly  adjusted  and  buckled  as  tightly  as 
possible  at  the  bottom; 
failure  to  do  this  has 
spoiled  many  new  collars. 
A short  trial  will  show 
what  adjustment  of  the 
hame  tugs  is  necessary 
to  bring  the  pressure  at 
the  proper  points.  If  a 
new  leather  collar  is 
wrapped  over  night  with 
wet  gunny  sacks  before 
using,  it  will  shape  to 
the  horse’s  neck  much 
more  quickly  than  if  not 
so  treated.  A consider- 
able saving  in  collars  will 
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result  from  putting  them  on  and 
taking  them  off  over  the  head 
rather  than  by  unbuckling  them 
at  the  top,  as  is  generally  prac- 
tised. Such  careless  handling 
is  the  reason  for  many  collars 
breaking  at  the  throat. 

Sweat  pads  are  a necessary 
evil  since  horses  undergo  con- 
siderable shrinkage  in  weight 
during  some  seasons  of  the 
year,  when  it  becomes 
necessary  either  to  use  a 
sweat  pad  or  to  change 
the  collar.  The  cutting 
away  of  portions  of  sweat 
pads  sometimes  relieves 
galled  spots.  A still  better  way  of  handling 
such  trouble  is  to  use  a small  cork-filled  pad 
between  the  collar  and  the  sweat  pad.  Wabash 
pads  are  useful,  in  the  case  of  sore  necks,  to 
remove  the  pressure  of  the  collar  from  the 
injured  surface.  The  use  of  smooth  deer-skin 
pads  or  zinc  pads 
neck  from  becoming 
Breast  collars  are 
The  shoulder  strap 

not  to  allow  the  breast  collar  to  interfere  with 
the  windpipe,  or  be  so  low  as  to  hinder  move-  although  it  should  come  easily.  The 

ment.  Any  extra-heavy  breast  collar  which  saddle  should  fit  the  back,  and  the  back  strap 

has  been  lined  with  sheep  skin  is  useful  in  place  should  not  be  too  short.  The  crupper,  when 

of  the  regular  work  collar  where  necks  or  it  is  present,  should  be  of  good  size,  smooth; 

shoulders  are  galled.  Draft  stallions  fre-  and  well-stuffed.  See  that  the  breeching  is 

auently  develop  so  much  neck  and  shoulder  not  too  low  or  too  tight.  Careful  observation 

that  they  can  be  best  worked  in  a heavy  breast  of  the  methods  employed  by  skilful  teamsters 

collar.  Patent  horse  collars,  referred  to  as  will  be  of  much  aid  to  the  young  or  inexperi- 

“humane  collars,”  are  useful  for  field  work,  enced  farmer.  In  putting  a horse  to  a ve- 

and  as  a change  in  case  of  sore  shoulders  or  hide,  remember  that  the  lines  should  be  taken 

necks.  down  and  adjusted  first.  The  careful  observ- 

The  right  adjustment  of  some  of  the  other  ing  of  this  right  order  in  'hitching  up”  has 
parts  of  the  harness  may  be  worth  mentioning,  prevented  many  acddents. 


The  Care  of  Harness 

At  the  outset,  it  should  be  said  that  a harness  cannot  be  properly  cared  for 
unless  one  has  a suitable  place  in  which  to  hang  it.  In  damp  stables  it  molds 
quickly.  The  presence  of  mold  indicates  that  moisture  is  taking  the  place  of  the 
oil,  upon  which  the  life  of  the  leather  depends.  A harness  should  not  be  stored 
where  the  ammonia  from  the  manure  can  reach  it.  However,  in  regularly 
cleaned,  airy  work-horse  stables,  most  of  us  prefer  to  have  the  harness  hung  on  a 
hook  back  of  each  horse;  or  by  means  of  a rope  and  pulley,  to  haul  it  up  and  out 
of  the  way  on  the  post  at  the  rear  of  the  stall  partition.  In  stables  where  a num- 
ber of  teamsters  are  employed,  too  much  tune  is  wasted  in  going  to  and  from 
a central  harness  room;  such  a room  should  be  provided,  however,  for  the  storing 
of  supplies  and  extra  sets  of  harness.  In  this  room  should  be  a bench  and  ma- 
terials for  making  small  repairs.  Valuable  harness  should  be  kept  in  tight  cases 
in  a room  where  there  is  some  artificial  heat. 

At  least  twice  a year  all  work  harness  should  be  entirely  taken  apart  (particu- 
lar attention  being  paid  to  the  straps  at  the  buckles)  and  then  cleaned  and  oiled. 
At  these  times,  all  needed  repairs  should  be  made.  In  cleaning  harness,  as  little 
water  as  possible  should  be  used;  warm,  soft  water  is  best,  but  hard  water  may  be 
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used  if  a handful  or  two  of  salsoda  is  added  to  each 
tubful.  Some  harness  is  so  dirty  that  sponging  alone 
will  not  remove  the  dirt;  in  this  case  it  should  be 

soaked  for  15  min- 
utes, then  scrubbed 
with  soap  and  a 
brush,  rinsed,  wiped 
with  rag  or  chamois, 
and  hung  on  a 
m ih  wooden  horse  to  dry 

UiEK?  ™ a warm  plac®  but 
away  from  the  stove. 
\\  ; As  soon  as  it  is  dry, 

apply  neat's-foot  oil 
(diluted  one  half 
with  a good  stand- 
ard harness  oil,  or 
about  one  fourth 
with  kerosene)  with 

ness  which  is  suitable  for  field  work.  They  are,  ® 1*38  OT  a piece  of 
3 and  mules  and  have  to  be  specially  made  when  SD0Ilg6.  o6V6r£ll 
Chine  drafters  in  sue.  applications  of  OU 


Fig.  54.  A set  of  chain  harness  which  is  suitable  for  field  work.  They  are, 
ordinarily,  made  for  small  horses  and  mules  and  have  to  be  specially  made  when 
intended  for  use  on  horses  approaching  drafters  in  size. 


are  generally  needed,  and  it  will  pay  to  rub  it  well  into  the  leather  with  the 
hands.  Neat’s-foot  oil,  when  used  straight,  is  likely  to  cause  the  work  harness 
to  become  too  stretchy.  It  may  be  made  black  by  adding  a tablespoonful  of 
lamp-black  pa*  pint.  When  the  leather  shows  up  very  red  after  washing,  give 
it  a coat  of  edge  blacking  before  oiling.  Under  no  circumstances  is  it  advisable 
to  use  a drying  oil,  such  as  linseed  oil.  Low  grade  vaseline  is  useful  for  smear- 
ing over  a harness  which  is  to  be  stored  for  a considerable  length  of  time.  After 
the  oil  has  soaked  in,  sponge  the  straps  with  a good  grade  of  castile  soap.  The 
frequent  sponging  over  of  a harness  and  the  use  of  any  of  the  good  dressings  are 
to  be  recommended. 

When  a brilliant  black  finish  to  the  harness  is  desired,  it  becomes  necessary 
to  use  some  one  of  the  standard  harness  “compositions”  which  are  quite  similar 
to  the  best  pastes  used  for  polishing  black  shoes.  There  is,  in  fact,  no  objection  to 
using  shoe  polish,  ex- 


cept for  the  extra  ex- 
pense entailed  in 

Eurchasing  it  in  small 
oxes  at  retail  stores. 
The  paste  should  be 
evenly  applied  to  the 
harness  with  a dauber 
then  polished  with  an 
ordinary  blacking 
brush,  and  finally  with 
a flannel  rag. 

For  cleaning  the 
metal  mountings,  one 
may  use  most  any  of 
the  liquid  or  paste 
brands  of  metal  polish 
on  the  market.  We 


Fig.  55.  A light,  single-buggy  harness.  For  use  on  heavy  roads,  it  is  better 
equipped  with  collar  and  hames  instead  of  the  breast  collar  as  shown;  a side  check 
is  more  humane  and  on  most  horses  just  as  useful  as  the  over-check  shown. 
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find  the  paste  to  be  more  economical  because  it  does  not  evaporate  nearly  as 
readily  as  do  the  liquid  polishes.  Steel  bits  are  cleaned  by  washing  with  soap 
and  water,  then  smearing  over  with  a cake  of  soap  and  polishing  with  silver 
sand.  The  soap  film  makes  the  sand  stick.  The  fingers  are  of  most  service  in 
rubbing  the  sand  on  the  bits;  a soft  pine  stick  can  be  used  in  parts  too  small  for 
the  fingers.  After  sanding,  rinse  the  bit,  dry  with  a cloth,  and  burnish  with  a 
small  steel  burnisher.  Forged  steel  bits  are  the  strongest  and  also  the  best 
looking  if  they  are  kept  clean.  Careful  drying  and  wiping  with  an  oily  rag  after 
using  will  prevent  their  rusting. 

It  is  so  satisfactory  to  use  a harness  which  is  kept  in  first-class  shape  that  one 
is  surprised  that  more  people  do  not  make  the  effort  to  keep  their  equipment  so. 
In  the  end,  proper  care  will  save  both  time  and  money.  On  the  farm  much  of  this 
work  may  be  done  at  times  of  the  year  when  work  is  slack.  Minor  repairs  may 
be  made  at  home  if  one  has  provided  himself  with  a small  repair  outfit;  those  sold 
at  moderate  prices  by  the  large  supply  houses  are  very  satisfactory  for  small  re- 
pairs. 

Among  accessories  which  contribute  much  to  a horse's  comfort  are  fly  nets 
in  summer  and  blankets  in  winter.  Well-made  cotton  cord  nets  give  satisfac- 
tion. Covers  made  of  old  gunny  sacks  are  much  to  be  preferred  to  none  at  all 
and  should  be  used  when  economy  is  of  first  importance.  Ordinarily,  farm  horses 
are  healthier  and  better  off  generally,  if  not  blanketed  in  the  stable.  A heavy 
blanket  should,  however,  be  used  to  cover  the  horse  warmed  up  from  work  when 
he  is  stopped  in  the  open  for  the  taking  on  or  putting  off  of  a load.  Heavy, 
waterproof,  duck  blankets  should  be  worn  by  horses  while  worked  in  the  rain  in 
cold  weather. 


Fig.  56.  Double  truck  harness:  1 crown-piece;  2 brow-band;  3 winker  stay;  4 
Concord  blind;  5 throat-latch;  6 check-piece;  7 nose-band;  8 bit;  9 flat-side  rein; 
10  “Dandy”  ball-top  hames:  11  Concord  bolt;  12  breast  strap;  13  martingales;  14 
forked  back  strap;  15  belly-band;  16  hip  straps;  17  breeching;  18  traces;  19  heel 
chains;  20  lines;  21  leather  collar;  22  lazy  strap. 
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Motorcycles  and  Light  Automobiles 
on  the  Farm 

By  C.  V.  Hull,  Charles  City , la.  Bom  on  a farm  in  Ogle  County , Illinois , he  worked  at 
' Jrucfc  farming  while  at  high  school , tfton  tflen*  into  automobile  and  gas  engine  work  at  Harvard , Jtts., 
tfiriny  much  time  to  farmers*  outfits  and  problems.  He  spent  two  years  in  the  Science  Department 
of  Depauw  University , one  year  on  the  farm , and  tow  more  at  automobile  work  and  teaching  school. 
For  nearly  eight  years  he  was  with  the  Hart-Parr  Gas  Tractor  Co.,  doing  engine  and  electrical  work 
and , in  addition,  answering  the  inquiries  received  by  its  Service  Department  and  solving  the  problems 
of  gas  engine  and  tractor  owners . He  has  carried  on  a tractor  engineering  school,  contributed  to 
numerous  farm  and  trade  papers  and  in  other  ways  developed  the  idea  of  making  the  practical  study 
of  gas  engines  and  their  use  his  lifework.  —Editor. 

THE  motorcycle.  The  motorcycle  is  speedy  and  inexpensive  in  operation. 

It  requires  but  little  storage  room  and  can  be  used  on  poor  roads.  For  these 
reasons  it  is  adapted  to  the  use  of  single  men  on  the  farm.  On  a motorcycle 
they  can  go  to  town  easily  and  quickly  after  the  chores  are  done;  the  fanner  boy, 
too,  can  get  away  for  an  afternoon  at  a ball  game  or  to  go  hunting.  If  a side  car 
is  used,  two  persons  may  go  on  a pleasure  trip.  In  general  the  motorcycle  may  be 
used  for  pleasure  just  as  a horse  and  single  buggy  are  used,  with  the  advantage 
that  much  greater  distances  may  be  covered  in  a given  time. 

As  a business  machine,  the  motorcycle  is  of  great  use  when  hurried  trips  to 
town  are  necessary.  In  sections  where  hired  men  insist  on  the  use  of  a horse,  a 
man  who  owns  a motorcycle  is  entitled  to  more  pay  than  others  because  he  needs 
no  horse.  On  the  other  hand,  it  is  well  to  have  a definite  understanding  with 
the  motor  cyclist,  so  that  he  may  not  spend  too  much  time  on  the  road. 

The  capacity  of  the  motorcycle  is  limited  to  2 or  at  most  3 passengers  even 
when  a side  car  is  used;  and  unless  the  roads  are  good,  the  side  car  must  be  left 
at  home  and  the  2 persons  ride  tandem.  The  motorcycle  can  be  used  but  little 
for  carrying  produce,  though  it  is  a fine  thing  for  the  rural  mail  carrier.  Few  wo- 
men  ride  motorcycles  but  the  side  car  can  be  used  by  a woman  quite  comfortably 
if  the  roads  are  good.  For  its  capadty,  the  motorcycle  gives  a great  deal  of  pleas- 
ure and  is  very  serviceable.  Its  principal  limitation  is  lack  of  carrying  capacity. 
The  first  cost  of  the  motorcycle  is  reasonable  and  is  the  principal  one,  and  if  prop- 
erly cared  for,  the  machine  entails  but  a small  upkeep. 

Before  purchasing  a motorcycle,  the  fanner  should  consider  several  factors. 
One  is,  of  course,  the  first  cost.  Another  is  the  amount  of  use  he  can  make  of  it 
both  for  himself  and  for  his  family.  If  he  is  purchasing  for  the  boys,  he  should 
consider  whether  they  are  capable  of  caring  for  the  machine  and  using  it  wisely. 
A third  factor  is  the  real  value  of  the  machine  for  business  purposes.  In  some 
cases  it  can  be  used  for  many  trips  and  for  long  rides. 

26 
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The  motorcycle  requires  systematic 
care.  The  oil  supply  for  the  engine 
must  be  made  up  at  regular  intervals, 
otherwise  the  motor  will  have  alternating 
feasts  and  famines  of  oil.  The  clutch 
and  gears  must  be  cared  for  according  to 
the  maker’s  instructions.  The  very  best 
oil  and  grease  must  be  used,  because  the 
motor  is  air-cooled.  Besides,  all  parts 
of  the  mechanism  are  small  and  run  at 
high  speed.  The  magneto  needs  regular 
but  slight  oiling.  Occasionally  the  con- 
tact points  need  cleaning  and  setting. 
All  nuts  and  bolts  must  be  watched  and 


Fig.  57.  The  aide  car  increases  the  usefulness  of  the 
motorcycle  whether  for  work  or  pleasure 


kept  tight. 

Speeding  and  fast  riding  cause  many 
motorcycle  accidents.  The  rider  must 
watch  the  road  closely  because  his  machine  is  easily  unbalanced.  Curves  must 
be  taken  with  discretion,  to  avoid  the  skidding  of  the  machine  from  under  the 
rider.  Mud  and  sand  must  be  negotiated  with  care,  otherwise  a nasty  spill  may 
result. 


When  a side  car  is  used,  it  must  be  so  fastened  that  the  front  wheel  is  not  pulled 
out  of  line. 

The  motorcycle  requires  careful  handling  if  serious  accidents  are  to  be  pre- 
vented. One  should  learn  to  ride  by  practising  on  little-used  roads  before  he  at- 
tempts to  go  where  there  is  much  traffic. 


Light  Automobiles 

At  the  beginning  of  the  present  century,  the  automobile  was  an  experimental 
machine;  5 years  later  it  was  a luxury;  5 years  more  and  it  was  common,  although 
its  electrical  equipment  was  a new  feature;  to-day  the  automobile  is  a practical, 
efficient  machine.  Automobile  riding  and  touring  are  popular  pleasures.  More 
than  that,  light  automobiles  are  much  used  for  business  purposes.  This  is  as 
true  of  farming  as  it  is  of  city  work. 

For  real  pleasure  the  farms'  can  buy  nothing  equal  to  a light  automobile. 
With  it  the  whole  family  can  go  to  town  for  an  entertainment  or  any  special  day; 
and  they  can  go  comfortably  and  quickly  with  the  assurance  that  the  horses  at 
home  are  resting.  The  farmer  gains  new  ideas  from  trips  in  his  car.  The  op- 
portunity to  go  and  see  apd  learn  is  one  of  the  greatest  benefits  which  come  to  the 
farmer  from  the  ownership  of  a light  car. 

The  light  car  is  a boon  to  the  farmer’s  wife.  Also  in  many  cases  she  learns  to 
drive.  In  this  there  is  a double  advantage:  the  wife  can  often  get  away  for  a half 
day  for  some  neighborhood  social  affair,  or  the  wife  or  daughter  may  go  to  town 
during  the  busy  season  and  get  supplies.  This  means  a saving  of  time  and, 
in  some  instances,  of  crops  as  well.  The  first  advantage  is  worth  more  than  casual 
consideration  because  it  is  absolutely  necessary  to  relieve  the  monotony  of  the 
lives  of  farm  women.  Until  the  coming  of  the  light  car,  the  life  of  women  on  the 
farm  was  in  many  cases  very  monotonous  and  unpleasant.  Beyond  question  the 
pleasure  which  comes  to  farm  women  because  of  the  automobile  is  a vital  factor 
in  farm  economics. 

For  the  farming  business  the  light  car  is  very  valuable.  It  saves  time  and 
horseflesh,  and  often  makes  actual  money  for  the  owner.  One  has  but  to  visit 
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the  towns  and  cities  of  the  agricultural 
sections  to  see  the  use  of  automobiles 
for  farm  purposes. 

If  the  farmer  is  near  a city,  he  can 
often  use  his  light  car  to  deliver  season- 
able produce.  The  market  gardener 
or  truck  farmer  can  make  quick  deliv- 
eries with  fresh  goods.  Much  better 
time  can  be  made  with  the  automobile 
than  with  horses,  and  the  supplies 
reach  the  market  in  much  better  con- 
dition. Besides,  more  time  can  be 
given  to  actual  field  work,  and  the 
horses  are  fresher  for  it. 

The  saving  of  horses  when  a light 
automobile  is  used  is  a very  considerable  item.  Several  years  ago  three  young 
farmers  in  northern  Illinois  bought  light  cars.  They  were  used  for  everything 
but  the  heavy  hauling,  groceries,  light  supplies,  eggs,  poultry,  and  light  produce 
being  carried  in  them.  One  of  these  men  declared  that  they  had  more  than 
saved  the  cost  of  the  cars  in  the  increased  value  of  the  horses  and  the  greater 
amount  of  work  which  could  be  done  with  them.  Cars  are  used  so  generally  by 
some  Iowa  farmers  that  the  heavy  teams  are  seldom  driven  to  town.  The  same 
statement  is  true  of  sections  of  the  Dakotas,  Minnesota,  Wisconsin,  Illinois,  and 
Missouri.- 

The  automobile  is  also  employed  by  the  fanner  to  attend  auction  and  other 
sales.  By  its  use  the  owner  enlarges  his  market  and  increases  his  buying  power. 
In  this  way  he  sees  new  breeds  and  strains  and  often  comes  in  contact  with  men 
who  have  ideas  differing  from  those  of  men  in  his  own  immediate  neighborhood. 

The  value  of  the  education  which  comes  to  the  farmer  from  the  labors  of 
county  agents  and  university  extension  men  cannot  be  estimated.  It  is  to  be 
hoped  that  this  work  may  be  extended  to  many  more  states.  It  is  giving  the 
fanner  a finer  and  better  conception  of  his  work.  Imagine,  if  you  can,  a 25- 
mile  trip  with  horses  to  the  various  farms  in  a county!  But  for  the  automobile, 
such  trips  would  be  out  of  the  question. 


Fig.  58.  Section  of  a typical  6-cylinder  engine 
showing  important  parts:  a transmission  lever;  b sliding 
gear,  selective  transmission;  c flywheel,  and  cone  clutch 
combined;  d,  e crankshaft;  / cylinder  with  valves  (A)  in 
head;  g piston;  * fan  of  cooling  system;  j spark  plug;  k 
rod  operated  by  secondary  shaft  operating  valve. 


Disadvantages.  There  are,  however, 
some  disadvantages  which  must  be  considered. 
The  amount  of  money  invested  in  addition 
to  the  horses  used  is  an  item  of  expense  in 
interest  and  depreciation.  One  Iowa  farmer 
who  drove  a light  car  disposed  of  it  because  he 
thought  it  less  profitable  than  horses.  He 
had  a number  of  colts  at  all  times,  and  used 
them  on  the  road  while  breaking  them.  He 
contended  that  his  horses  needed  the  exercise 
and  that  he  made  more  money  with  them  than 
he  could  with  a car.  His  conclusions  are 
worth  considering,  especially  where  the  farm 
can  sustain  a large  number  of  horses. 

The  road  problem  is  in  some  sections  a very 
serious  one.  In  the  northern  part  of  the 
Mississippi  Valley  the  winter  seasons  are 
so  severe  that  the  car  must  stand  idle,  with 
interest  and  depreciation  adding  to  the  mile- 
age costs.  In  justice  it  must  be  stated  that 
some  light  cars  can  be  used  practically  all 
the  time  that  there  is  real  need  for  them  in  the 


sections  with  bad  spring  roads.  The  fact 
that  Iowa  with  notoriously  bad  roads  has  one 
automobile  to  every  nine  inhabitants  indi- 
cates that  road  conditions  are  not  so  serious 
as  they  seem. 

The  purchaser  of  a light  car  must  not 
attempt  to  race  or  speed  with  it.  Such  prac- 
tice is  unsafe  even  for  the  most  skilful 
drivers.  Light  cars  are  very  hard  to  control 
and  often  turn  turtle  or  skid  badly  at  high 
speed.  The  driver  of  a light  car  should  com- 
pare his  speed  with  that  of  the  horses  he 
passes  rather  than  with  the  big  6-,  8-,  and  12- 
cylinder  cars  which  pass  him.  High  speed 
means  that  the  driver  must  watch  more  closely 
and  move  more  quickly.  The  danger  is 
greatly  increased  because  the  car  tips  and 
rolls  more  easily. 

The  notion  that  a car  runs  more  steadily 
and  hugs  the  road  better  at  high  speed  is  a 
faulty  one.  Naturally  any  object  moving  at 
high  speed  tends  to  travel  in  a straight  fine, 
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even  if  it  is  passing  over  a rough  surface; 
but  if  a car  strikes  an  obstruction  or  turns 
over  at  high  speed  the  theory  is  quite  apt  to 
leave  a twisted  mass  of  steel,  iron,  and  wood. 
If  any  one  caution  should  be  printed  and 
pasted  on  the  wind  shield  it  is  that  most 
familiar  one,  “Safety  First.” 

Overloading  is  also  to  be  avoided.  While 
the  car  may  for  a time  stand  the  hard  service, 
parts  are  strained  and  will  sooner  or  later 
break;  and  in  case  of  an  accident  an  overload 
of  people  adds  greatly  to  the  chances  of  serious 
injury  to  the  passengers.  Besides,  the  de- 
preciation is  greater  than  it  should  be. 

Neither  is  it  advisable  to  use  a light  car 
for  heavy  dray  or  tractor  work.  The  general 
opinion  of  automobile  men  seems  to  be  that 
a truck  must  be  specially  designed  for  its 
work,  and  that  heavy  hauling  and  plowing 
should  be  done  with  tractors.  The  farmer 
should  realize  that  the  automobile  is  not  a 
general-purpose  machine. 

Unnecessary  use  means  expense.  The 
automobile  on  the  farm  should  not  be  used 
any  more  than  is  necessary.  It  is  a waste 
of  time  and  money  to  make  two  trips  to  town 
when  one  will  do.  So  many  people,  both 
urban  and  rural  folk,  seem  to  think  that  it 
. makes  no  difference  if  something  is  forgotten 
because  it  is  so  easy  to  go  again  for  it.  This 
idea  may  soon  lead  to  the  habit  of  using  the  car 
much,  that  the  time  which  it  saves  over  the 
use  of  horses  is  more  than  lost  in  the  number 
of  trips  made.  Of  course  if  one  rides  for 
pleasure  he  may  look  at  the  matter  differently; 
but  for  the  farmer  who  considers  that  his 
car  is  a part  of  his  business,  and  who  uses  it  to 
add  to  his  profit,  the  habit  of  using  the  auto- 
mobile to  excess  will  not  help  to  pay  the  divi- 
dends. It  will,  on  the  contrary,  soon  prove 
to  be  a decidedly  expensive  practice.  If  the 
automobile  is  really  to  pay  the  farmer,  he 
must  plan  his  work  with  it  as  carefully  as  he 
does  that  done  with  horses. 

Another  item  which  must  be  considered 
is  that  of  expense  per  mile.  Horses,  whether 
idle  or  in  use,  must  be  fed  and  cared  for. 
The  expense  per  mile  or  per  day  must  be 
figured  for  300  days  or  perhaps  for  365 
days  per  year.  With  the  automobile,  there 
is  an  actual  cost  for  gasoline,  oil,  tire  wear, 
and  general  depreciation  while  running. 
The  purchaser  of  a car  should  realize  this 
fact.  While  it  costs  practically  nothing 
to  drive  the  horse,  every  mile  that  a car 
travels  means  as  much  cost  which  would 
not  arise  if  the  automobile  were  idle. 
This  cost,  of  course,  varies  with  different 
automobiles  and  drivers.  The  best  of  care 
and  capable  driving  cannot  eliminate 
it.  Opinions  and  statistics  as  to  the  actual 
cost  per  mile  vary  so  much  that  accurate 
figures  cannot  be  given.  However,  it  is 
advisable  before  purchasing  to  find  out  some- 
thing about  the  cost  of  running  a car,  interest 
and  depreciation  considered,  as  well  as  the 


Fig.  59.  Side  view  of  a 4-cylinder  engine  showing  the 
vertical  generator  (a)  and  the  horizontal  motor  (6)  of  a 
two  unit  outfit,  and  the  electrical  wiring  junction  box 
(c). 

actual  mileage  cost.  This  must  be  done  if  the 
car  is  to  be  used  as  a business  unit. 

What  Car  to  Buy 

When  the  various  advantages  and  disad- 
vantages of  a light  car  for  the  farm  have  been 
considered  the  farmer  naturally  asks,  “What 
car  shall  I buy?”  The  neighbors  can  offer 
many  suggestions,  and  naturally  each  will 
have  his  favorite  car.  Usually  there  is  some 
basis  for  the  various  opinions.  The  farmer 
who  is  planning  to  purchase  a car  should 
consider  carefully  the  various  features  of 
one  which  can  be  used  for  both  business  and 
pleasure. 

Weight  In  the  first  place  the  automobile 
should  De  a light  one;  for  a light  car  can  travel 
over  worse  roads  than  a heavy  one  and  will 
make  better  time  with  less  fuel.  If  the  roads 
are  heavy  with  mud,  the  large  automobile 
is  very  hard  to  steer.  If  it  gets  off  the  beaten 
course  to  the  side  of  the  road,  it  is  very  hard 
indeed  to  get  back.  The  light  car  is  not  so 
apt  to  get  off  the  beaten  track  on  a wet  and 
muddy  road,  but  if  it  does  it  can  usually  be 
brought  back  without  great  trouble.  A great 
many  commercial  travelers  use  light  automo- 
biles, because  with  heavy  ones  they  are  not 
able  to  get  over  the  roads  after  a ram.  Also, 
the  light  car  is  much  cheaper  to  buy  and  can 
be  run  for  less  money  than  a heavy  one.  The 
difference  in  gasoline,  oil,  and  tire  costs  is  a 
considerable  one.  From  a purely  business 
standpoint,  no  farmer  can  afford  to  buy  a 
large  car  owing  to  its  greater  upkeep  costs. 

Regarded  purely  as  an  investment,  the 
farmer’s  car  should  not  be  an  expensive 
one.  It  should  be  such  a car  as  can  be 
replaced  every  3 or  4 years  without  great 
loss.  It  should  be  a car  in  which  produce, 
eggs,  and  light  supplies  can  be  hauled  without 
serious  injury  to  the  seats  or  finish.  With 
fair  handling  there  is  no  reason  why  a car 
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should  not  be  used  for  both  business  and 
pleasure.  Generally  speaking,  the  farmer 
cannot  afford  to  own  a car  unless  he  does 
some  hauling  and  carrying  with  it;  hence  the 
advisability  of  getting  a reasonably  cheap 
light  car. 

Simplicity.  Simplicity  of  construction 
should  be  a prime  consideration.  This  means 
that  the  various  parts  should  be  easily  in- 
spectable  and  cared  for.  The  farmer  who 
has  not  many  tools  will  find  it  difficult  to 
make  even  simple  repairs  unless  the  automo- 
bile is  “get-at-able/*  The  various  oiling 
devices  should  be  simple  in  operation  and 
easy  to  care  for.  The  spark  coils,  switches, 
and  electrical  equipment  should  be  so  located 
that  they  can  be  easily  examined.  The  elec- 
trical equipment  of  the  farm  car  should  be  as 
simple  as  possible. 

Preferably  the  general  design  of  the  farmer’s 
car  should  be  simple  and  plain.  Unnecessary 
tool  boxes,  luggage  carriers,  and  lights  should 
be  accepted  with  caution.  Any  unusual  type 
of  body  will  make  it  harder  to  use  the  car  for 
general  work  and  to  dispose  of  it  when  a new 
one  is  desired. 

Strength  and  durability.  It  goes  with- 
out saying  that  the  car  must  be  strong,  even 
if  it  is  light  and  simple.  The  farmer  who 
plans  to  use  his  car  for  both  business  and  pleas- 
ure must  have  a machine  which  will  stand 
more  abuse  than  one  used  for  pleasure  only. 
It  should  be  strong  enough  to  haul  light  loads 
or  even  to  pull  a trailer  in  an  emergency. 
Also,  the  construction  must  be  heavy  enough 
to  permit  the  machine  being  used  on  rough 
and  bad  roads  without  frequent  breakdowns. 

Durability  is  also  a prime  factor.  The 
average  farmer  cannot  replace  his  car  every 
second  or  third  year.  He  must  buy  a durable 
machine  if  he  expects  to  get  profitable  service. 


This  factor  can  be  easily  determined  by  a 
canvass  of  the  machines  in  the  neighborhood. 
In  many  cases,  the  old  cars  are  not  really 
durable  but  have  lasted  well  because  of  a 
heavy  expense  bill  for  repairs.  A durable 
car  is  one  which  stands  hard  service  without 
excessive  repair  bills. 

If  the  car  is  to  be  used  for  hauling  and  other 
business  work,  it  must  be  dependable.  The 
proper  course  is  to  judge  the  dependability 
of  any  automobile  by  the  average  action  and 
life  01  the  machine  and  then  to  buy  a car  of  a 
make  which  is  giving  good  service  in  the  hands 
of  several  users.  However,  the  reliability  of 
an  automobile  depends  to  a surprising  extent 
upon  the  ability  of  its  caretaker.  No  car 
can  be  expected  to  be  reliable  unless  it  is 
properly  cared  for. 

The  farmer’s  automobile  must  be  service- 
able unless  it  is  bought  purely  for  pleasure. 
While  it  may  not  be  advisable  to  use  the  auto- 
mobile as  a dray,  it  ought  to  be  of  use  in  a 
hundred  other  ways.  A serviceable  car  is  one 
which  can  be  used  for  going  out  to  the  field, 
down  to  the  pasture,  or  up  to  the  wood  lot. 
It  is  not  truly  serviceable  unless  a few  light 
articles  can  be  loaded  on  it  and  taken  where 
needed.  It  would  be  a mistake  to  drive  a 
team  a mile  or  two  to  repair  a fence  when  the 
few  tools  required  could  be  loaded  in  and  the 
fence  repaired  in  a third  of  the  time  by  the 
use  of  a car.  It  is  a serious  blunder  to  tie 
up  a lot  of  money  in  a car  which  is  too  nice 
for  practical  farm  work.  If  a car  is  to  be  a 
paying  investment,  it  must  be  serviceable. 

Cost.  The  cost  of  the  car  is  one  of  the 
first  items  to  be  considered.  A National 
Tractor  demonstration  was  held  in  1916  at 
Cedar  Rapids,  Iowa.  Thousands  of  farmers 
came  in  cars.  These  cars  were  of  various 
prices,  but  very  few  were  of  the  really  ex- 


Fig.  60.  Section  of  a popular  4-cylinder  engine  showing  a finely  designed  planetary  transmission  using  a multiple 

disc  dutch.  Compare  Fig.  58. 


Digitized  by  v^ooQle 


MOTORCYCLES  AND  LIGHT  AUTOMOBILES 


31 


pensive  class.  Even  in  the  prosperous  Missis- 
sippi Valley,  there  are  not  many  farmers  who 
drive  cars  listing  over  $2,500.  The  practical 
car  for  the  farmer  is  one  which  costs  much  less. 

From  a practical  standpoint,  the  automobile 
has  no  place  in  farm  economy  unless  it  effects 
a saving.  That  a high-priced  car  can  be 
used  enough  for  actual  farm  work  to  pay,  is 
hardly  possible,  so  from  an  economic  point, 
the  .cheaper  automobiles  are  the  better  for 
farm  service.  Of  course  the  farmer  who  buys 
for  pleasure  and  can  afford  to  do  so  ought 
to  buy  a comparatively  large  car  because  it 
will  ride  easier  and  go  faster  than  a lighter, 
cheaper  one. 

Fortunately  several  makes  of  light,  reliable 
cars  listed  at  $1,000,  more  or  less,  are  now  on 
the  market.  In  many  cases,  these  smaller 
cars  have  proved  more  durable  than  the 
larger,  more  expensive  makes.  They  are 
strong  and  efficient.  They  have  been  sold 
long  enough  to  give  ample  opportunity  to 
judge  the  various  features  in  their  design  and 
to  tell  whether  they  are  suited  for  any  particu- 
lar section  of  the  country.  Most  of  the  rea- 
sonably priced  cars  meet  the  requirements  of 
the  average  farmer.  They  are  serviceable  and 
finished  so  well  that  they  can  be  used  for 
pleasure  as  well  as  for  farming  purposes. 

Naturally  the  farmer  who  plans  to  purchase 
a car  first  decides  how  much  money  he  can 
afford  to  invest.  For  the  man  who  plans 
for  $600  or  less,  the  choice  lies  between  second- 
hand cars  or  a new  one  without  electrical 
starting  equipment.  Generally,  though  ex- 
ceptions may  be  found,  the  second-hand  car 
does  not  pay.  The  electrical  starting  device 
is  a great  convenience  but  not  a necessity. 
Probably  half  the  cars  used  by  farmers  are 
of  a make  the  engine  of  which  must  be  cranked 
by  hand.  In  some  cases,  cars  of  this  make  are 
equipped  with  extra  electrical  parts  for  power 
starting.  However,  this  adds  to  the  complica- 
tion and  increases  the  weight  as  well  as  the 
cost  of  the  machine. 

There  are  a number  of  makes  in  the  $750 
class.  These  are  in  most  cases  very  satisfac- 
tory machines,  being  fully  equipped  electri- 
cally for  lighting  and  starting.  Cars  of  this 
grade  are  neat  and  trim  in  appearance  and  well 
finished.  Farmers  can  get  excellent  service 
from  cars  costing  about  $1,000. 

Another  popular  class  is  that  of  cars  listing 
at  about  $1,500.  In  most  cases  cars  of  this 
class  have  longer  wheelbases  and  a more 
roomy  body  than  those  of  the  above-men- 
tioned classes.  They  ride  easier  and  travel 
faster  with  comparative  safety.  There  are 
more  refinements  in  the  body  and  chassis, 
some  of  which  are,  however,  more  or  less 
unnecessary.  The  expense  of  operation  is 
greater,  while  actual  service  is  not  increased. 
Of  course  the  car  rides  easier,  the  body  is 
roomier,  and  the  cushions  are  deeper.  But 
none  of  these  advantages  adds  to  the  efficiency 
of  the  car  for  farm  use.  However,  the  real 


question  to  be  decided  about  the  car  of  this 
class  is  whether  the  farmer  can  afford  to 
purchase  and  run  it. 

Cars  costing  from  $1,500  to  $2,000  consti- 
tute the  last  class  which  the  farmer  can  afford 
to  consider,  unless  he  buys  the  car  solely 
for  a pleasure  vehicle  with  the  expectation  of 
spending  considerable  money  for  its  operation. 
An  automobile  of  this  class  is  quite  heavy. 
Muddy  roads  and  rainy  weather  will  often 
prevent  its  use.  Tires,  too,  become  a heavy 
item  of  expense  both  for  upkeep  and  renewals. 
The  gasoline  consumption  may  run  to  3 
times  that  of  the  light  car  in  the  first  class. 
Because  road  conditions  may  prevent  the  use 
of  large  care,  they  are  not  so  serviceable  and 
dependable  as  the  smaller  ones.  Cara  of  the 
$1,600  class  are  rather  heavy,  though  it  must 
be  conceded  that  they  are  comfortable  and 
“classy.” 

The  big  heavy  car  is  out  of  the  question  for 
the  farmer.  It  costs  too  much,  is  hard  to 
handle  on  poor  roads,  and  requires  too  much 
attention.  The  farmer  must  consider  all 
these  things  before  he  buys  his  car.  First 
cost,  upkeep,  depreciation,  and  interest  are 
important.  If  the  farmer  considers  them  he 
will  logically  purchase  a light,  reasonably 
priced  car  which  he  can  use  rain  or  shine 
most  of  the  year. 

Points  of  a Good  Car 

The  engine.  When  the  decision  to  pur- 
chase has  been  made  there  come  problems  of 
design  and  construction.  One  salesman  rec- 
ommends the  4-cylinder  motor.  He  states 
that  the  best-known  machine  in  the  world 
has  a 4-cylinder  motor,  and  that  many  of  the 
old,  experienced  companies  still  continue  to 
build  4-  and  8-cylinder  motors.  He  talks 
glibly  of  the  simplicity  and  compactness  of 
the  4,  and  assures  the  customer  that  it  is 
bound  to  be  the  final  type  in  standardized 
cars.  All  of  this  is  more  or  less  true,  yet 
there  are  other  types  to  consider.  The  6- 
cylinder  motor  is  very  popular.  It  is  theoret- 
ically a well-balanced  motor  and  may  run  at 
high  speeds  without  excessive  vibration.  The 
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torque  or  turning  force  is  very  steady.  The 
long-stroke,  6-cylinder  engine  is  a good  puller 
at  low  speeds  because  of  the  greater  number  of 
strokes  per  revolution.  The  cylinders  are 
smaller  than  they  are  in  a 4-cylinder  of  the 
same  power  and  speed.  The  number  of  parts 
and  their  complication  are  not  increased 
enough  to  be  objectionable. 

On  the  other  hand,  the  6-cylinder  engine 
must  be  quite  long.  This  may  mean  a longer 
wheelbase  and  added  expense  or  a more  com- 
pact seating  arrangement.  It  also  means  com- 
plication in  the  ignition  devices.  There  are 
more  small  parts  to  get  out  of  order  and  cause 
misfiring. 

The  8-cylinder  engine  has  good  balance, 
runs  smoothly,  and  takes  only  the  space 
of  the  4.  The  torque  is  excellent  and  the 
engine  is  very  flexible.  It  is,  however,  a 
complicated  motor  the  cylinders  of  which  must 
set  at  an  angle.  This  makes  an  extremely 
efficient  lubricating  arrangement  an  absolute 
necessity.  In  the  very  nature  of  the  case, 
the  engine  cannot  be  as  simple  and  accessible 
as  a 4-  or  6-cylinder.  The  12-cylinder  engine 
is  not  a farmer’s  type. 

After  all,  the  important  feature  of  the  en- 
gine is  its  efficiency.  So  long  as  the  engine  is 


Fig.  62.  Types  of  drive:  a Hotchkiss  simple  and  light, 
giving  drive  and  torque  through  rear  springs;  b drive  by 
torque  tube  and  radius  rods  strengthened  by  yoke;  c 
drive  by  torque  beam  fastened  to  rear  axle  and  a frame 
member  ; d typical  torque  tube  and  yoke  drive.  (Oakland 
Motor  Co.) 


dependable  and  durable  the  number  of  cylin- 
ders does  not  matter  so  much. 

Transmission.  Two  forms  of  transmission 
are  generally  found  on  farmer-owned  cars: 
the  planetary  type  and  the  selective  gear  type. 
The  friction  type  has  never  become  popular 
among  farmers  and  the  magnetic  type  is  too 
expensive  for  most  of  them.  This  is  true  also 
of  magnetic  control  of  gear  sets.  In  one 
popular  car  in  which  it  is  used  entirely, 
planetary  transmission  is  quite  satisfactory. 
It  is  rather  noisy,  and  the  bands  require  occa- 
sional adjustment. 

The  selective  type  has  the  advantage  of 
giving  3 speeds  ahead  instead  of  2.  In  high- 
priced  cars,  4 speeds  are  sometimes  arranged 
for.  The  selective  type  gives  a positive  drive 
at  all  times  and  is  comparatively  quiet  if  kept 
in  good  condition.  The  purchaser  should, 
however,  make  a careful  examination  of  the 
transmission  in  order  to  be  assured  that  it  is 
well  made  and  easily  cared  for. 

Control.  The  majority  of  light  automobiles 
are  steered  from  the  left.  Since  the  general 
custom  is  to  pass  on  the  right,  left  steering 
control  makes  it  easier  to  gauge  the  distance 
between  automobiles  and  rigs,  though  it  is 
easier  to  see  the  roadside  from  a right  con- 
trolled car.  But  with  a left-hand  steering 
wheel,  the  gear-shifting  levers  and  emer- 
gency brake  may  be  placed  in  the  centre. 
The  clutch  is  then  operated  by  the  left  foot, 
and  brake  and  foot  throttle  by  the  right  foot. 
Also,  the  various  switches  and  adjusting 
screws  are  more  easily  reached  with  the  right 
hand.  This  arrangement  is  almost  standard 
for  medium-priced  cars. 

The  well-known  cheaper  car  with  plane- 
tary transmission  has  a left-hand  steering 
wheel.  In  this  one,  however,  the  hand-brake 
lever  is  on  the  left  hand,  while  the  clutch  is 
operated  by  the  left  foot,  the  service  brake 
by  the  right  foot,  and  the  reverse  by  either. 
The  purchaser  of  a really  good  car  of  reason- 
able price  must  take  this  arrangement  or  get 
a higner-priced  car. 

The  foot  throttle  should  be  convenient  for 
the  average  man  and  easy  in  action.  The 
referable  kind  is  one  which  moves  quite  a 
it  from  light  to  full  feed  of  fuel.  If  the  car 
has  no  foot  throttle,  it  should  be  equipped  with 
one,  to  make  it  easier  to  handle  in  tignt  places. 

Gasoline  feed  systems.  Gravity  feed  from 
fuel  tank  to  carburetor  is  the  simple  way; 
but  in  some  types  the  tank  is  so  far  from  the 
carburetor  that  fuel  does  not  flow  when  the 
machine  is  on  a heavy  grade.  If  the  fuel 
tank  is  under  the  dash,  and  hence  just  above 
the  motor,  gravity  feed  will  be  good,  but  the 
fire  risk  will  be  increased. 

The  vacuum  feed  system  is  a device  for 
conveying  fuel  to  the  carburetor.  The  ar- 
rangement is  such  that  the  vacuum  in  the 
intake  manifold  is  used  to  suck  fuel  from  the 
supply  tank  to  a cup  which  feeds  the  carbu- 
retor. The  vacuum  feed  system  is  really  an 
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Whether  for  business  trips  or  pleasure  drives,  the  horse  and  carryall  or  democrat  remain  the 

preferred  means  of  transportation  for  many  iarmers 


However,  the  automobile,  having  been  brought  within  reach  of  the  average  farmer,  in  both  cost 
and  simplicity  of  operation,  is  being  accepted  by  him  more  and  more  readily 

The  Pleasure  Vehicle  Is  an  Important  Factor  in  Farm  Life.  It  Keeps  Country  Folk 
in  Touch  with  Each  Other  and  with  the  Outside  as  Nothing  Else  Can 
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The  ox  team  is  an  almost  extinct  relic  of  the  plodding  but  persistent  progress  of  pioneer  days 


The  sort  of  outfit  that  can  do,  at  one  trip,  the  hauling  for  an  entire  community 

The  Limits  op  Wagon  Transportation  Efficiency  Are  Determined  Only  by  the  Extent 
of  the  Forces  That  a Man  Can  Control.  Each  of  These  Is  a One-Man-Driven  Load 
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Fig.  63.  Typical  vacuum  feed  system.  Fuel  tank 
at  rear  and  vacuum  tank  in  front  higher  than  carburetor. 
(Oakland  Motor  Co.) 


intermittent  vacuum  pump  whose  valves  are 
operated  by  the  gasoline  it  pumps.  This 
system  permits  the  location  of  the  fuel  tank 
low  down  at  the  rear  of  the  car.  While  it 
adds  to  the  complication  of  the  car  it  is  de- 
pendable. It  largely  removes  the  danger  of 
a destructive  fire,  and  makes  filling  a simple 
job  without  much  risk  should  gasoline  be 
spilled. 

Wheelbase.  The  wheelbase  varies  con- 
siderably in  different  makes.  The  light, 
comparatively  cheap  car  has  of  necessity  a 
short  wheelbase,  in  some  makes  not  much 
more  than  100  inches.  In  medium  types,  the 
wheelbase  is  120  inches  more  or  less,  while 
in  the  large,  heavy  cars  it  is  as  much  as  144. 
The  longer  the  wheelbase  the  easier  the  car 
rides,  other  conditions  being  equal.  For 
general-purpose  farrp  work,  where  an  auto- 
mobile must  be  driven  over  all  sorts  of  roads 
and  in  tight  places,  one  with  a very  long  wheel- 
base requires  too  much  space  for  turning. 
The  farmer  should  get  a car  with  a medium 
wheelbase.  He  mav  put  shock  absorbers 
on  the  short  car  and  get  a serviceable,  com- 
fortable machine. 

Seating.  The  seating  arrangement  is  a 
matter  of  choice.  Probably  a 2-seated  tour- 
ing car  is  best.  It  gives  the  most  room  and 
is  a standardized  construction.  The  back 
seat  space  can  be  used  for  carrying  articles 
of  considerable  size  and  weight.  Then,  if 
the  whole  family  wish  to  go  for  a pleasure 
trip,  there  is  room  enough.  Beyond  question 
the  5-  or  7-passenger  touring  car  is  the  one 
for  farmers. 

Electrical  Equipment.  If  complete  elec- 
trical equipment  is  desired,  there  are  a num- 
ber of  reasonably  priced  cars  which  have  it. 
In  one  group  one  motor  generator  is  used. 
The  arrangement  of  switches  and  gears  is 
such  that  the  same  electrical  unit  is  used  to 
start  the  engine  and  to  charge  the  storage 
batteries.  This  arrangement  demands  2 
driving  devices  for  the  unit  and  must  be  back- 
geared  to  the  engine  to  get  enough  purchase 
to  start  it.  But  when  used  as  a generator  of 
current  instead  of  a starting  motor,  it  must  run 
at  high  speed.  Many  ingenious  devices 
are  employed  to  get  this  double  use  of  the  unit. 
In  a second  group  or  type  of  cars,  both  mo*or 
and  dynamo  are  used.  In  this  case  the  motor 
is  idle  and  not  coupled  to  the  engine  except 
for  starting.  The  generator  is  permanently 


coupled  up  or  chain-driven  at  all  times.  Both 
single-  and  double-unit  systems  give  excellent 
results  in  service.  The  best  plan  for  the  man 
who  does  not  understand  electrical  equipment 
is  to  judge  it  by  the  performance  of  cars  which 
he  can  watch.  No  matter  what  car  is  bought, 
the  electrical  starter  should  be  heavy  enough 
to  run  the  engine  in  cold  weather.  The  stor- 
age battery  should  be  one  of  a standard  make. 
The  majority  of  cars  are  equipped  with  6-volt 
batteries,  though  12-volt  batteries  are  also 
used.  There  is  less  chance  of  arcing  (burning 
out)  with  the  former,  but  the  latter  is  lighter 
for  the  same  amount  of  work. 

Tires.  For  convenience,  demountable  rims 
or  quickly  detachable  tires  are  to  be  preferred 
to  clincher  types.  However,  in  most  cases, 
the  lower-priced  cars  have  but  one  style  of 
tire  equipment. 

Springs.  The  cantilever-spring  suspension 
is  popular.  The  manufacturers  who  use  it 
claim  that  the  springs  work  in  such  a way  that 
the  wheels  tend  to  roll  rather  than  bounce 
over  bumps.  Some  of  the  most  comfortable 
cars  have  elliptical  springs  in  various  combina- 
tions and  forms.  One  can  best  decide  about 
springs  by  actual  trips  in  cars  with  various 
types  of  suspension. 

Steering  gear.  The  irreversible  steering 
gear  is  best.  With  this  the  front  wheels  can 
easily  be  turned  by  the  steering  wheel,  al- 
though the  steering  wheel  cannot  be  turned 
by  the  front  wheels.  This  feature  gives 
safety;  for  even  if  the  wheels  strike  a rut,  or 
the  grip  on  steering  wheel  loosens  they  will 
not  turn  aside. 

Cooling  systems.  Thermo-syphon  cooling, 
in  which  the  water  moves  through  the  system 
naturally,  is  good.  As  the  water  becomes 
heated,  it  rises  to  the  top  of  the  radiator, 
where  it  cools,  settles  to  the  bottom  again, 
and  passes  to  the  cylinders.  With  this  plan 
the  rapidity  of  circulation  depends  upon  the 
work  the  engine  is  doing. 

With  pump  circulation  the  water  is  forced 
through  the  cooling  system  by  a pump  which 
is  connected  to  the  engine.  While  there  is 
another  part  to  care  for,  the  water  is  posi- 
tively circulated.  The  cooling  plan  ana  the 
type  of  radiator  are  not  so  important  as  cer- 
tain cooling.  The  prospective  purchaser 
should  assure  himself  that  the  cooling  system 
will  maintain  the  proper  temperature  without 
evaporating  too  much  water. 

Lubrication.  In  lubrication  the  important 
thing  is  efficiency.  The  motor  should  be  well 
lubricated  at  any  reasonable  speed  without 
waste  or  carbonization.  It  is  a good  thing  to 
have  an  oil  indicator  on  the  dash,  so  that  one 
can  easily  tell  whether  oil  is  being  circulated . 
and  fed  properly.  Both  splash  and  force- 
feed  systems  are  successfully  used,  as  well  as 
a combination  of  the  two. 

Clutch.  Both  cone  and  multiple-disc 
clutches  are  used  on  standard  cars.  The 
superiority  of  either  depends  upon  how  well  it 
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is  made.  Both  give  excellent  service  if  prop- 
erly cared  for.  The  method  of  adjusting  the 
clutch  should  be  carefully  studied.  However, 
the  kind  of  clutch  is  not  so  important  as  sure 
and  easy  action. 

Rear  axles.  Rear  axles  are  described  as 
dead,  semifloating,  three  quarter  floating,  and 
floating.  In  the  dead  axle  the  rear  wheels 
are  driven  by  gears  or  by  chain  sprockets 
which  are  mounted  on  a cross  shaft  which  car- 
ries also  a differential  gear.  This  construc- 
tion is  much  used  on  trucks  and  small  chain- 
driven  automobiles.  In  the  semifloating  type, 
the  wheel  bearings  are  inside  the  rear-axle 
housing,  the  shafts  carrying  part  of  the  load. 
In  the  floating  type,  the  rear-axle  shaft  bear- 
ings are  outside  the  axle  housing;  the  shafts 
may  be  removed  by  taking  off  the  hub  caps. 
The  three-quarter  floating  construction  is 
quite  similar,  except  that  the  shafts  are  se- 
curely fastened  to  the  wheels.  About  half 
of  the  well-known  makes  have  floating  axles. 
Because  one  make  of  light  car  is  sold  in  so  large 


numbers,  it  is  quite  probable  that  more  than 
half  of  all  automobiles  in  use  have  the  semi- 
floating rear-axle  construction.  The  real 
question  regarding  rear-axle  construction  is, 
are  the  bearings  strictly  high-grade  and  put 
in  a well-designed  axle  structure? 

Brakes.  These  are  decidedly  important. 
In  some  models,  both  expanding  and  contract- 
ing brakes  are  used.  Generally  the  service 
brake  (that  used  for  ordinary  running),  is 
of  the  contracting  type.  The  emergency 
brake  is  quite  apt  to  be  of  the  expanding  type. 
In  one  planetary  type  of  transmission,  the 
service  brake  is  part  of  the  planetary  system. 
Pressure  on  the  brake  lever  clamps  the  brake  • 
band  about  a drum  which  is  connected  to 
the  longitudinal  drive  shaft.  The  emergency 
brakes  of  this  automobile  are  of  the  expanding 
type.  These  types  are  all  efficient  if  kept  in 
good  condition.  However,  the  prospective 
urchaser  should  insist  upon  a trial  of  the 
rakes  to  make  sure  that  they  are  strong 
enough  to  be  dependable. 


How  to  Drive  an  Automobile 

One  must  have  considerable  experience  to  drive  successfully.  The  new  driver 
should  write  across  the  windshield  “Safety  First!”  The  first  driving  should  be 
done  away  from  traffic.  A good  plan  is  to  block  up  the  rear  wheels,  and  practise 
starting,  gear  changing,  etc.,  until  one  is  thoroughly  familiar  with  the  operations. 
In  any  case  it  is  advisable  to  practise  driving,  stopping,  starting,  and  reversing 
until  able  to  do  them  almost  without  thinking.  Above  all  things,  the  new  driver 
should  go  slowly.  After  one  has  driven  a bit  he  will  be  tempted  to  drive  at  high 
speed.  Yielding  to  this  desire  causes  many  accidents. 

Change  gears  quickly.  When  changing  gears,  move  the  levers  with  a quick, 
strong  motion.  Do  not  hesitate  an  instant.  Practise  shifting  untij  the  gears 
can  be  engaged  with  a quick  snap  instead  of  a rubbing  and  burring.  Always 
push  the  dutch  pedal  far  enough  to  release  the  engine.  In  making  a change  of 
speeds,  move  the  dutch  and  gear  shift  together.  A good  driver  does  this  so  quickly 

that  the  engine  has  no  time 
to  speed  up.  The  clutch 
should  be  engaged  easily. 
Slamming  in  .the  dutch  is 
bad  practice  and  strains 
the  transmission.  If  the 
planetary  transmission  is 
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Fig.  64.  Wiring  plan  of  electric  starting ^and^lighting^ system^ using  a single  unit  for  starting  and  generating. 
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used,  the  pedals  must  be  learned  so  that 
they  can  be  operated  without  confu- 
sion. In  any  case  racing  the  engine  or 
allowing  it  to  run  at  excessive  speed,  is 
a mechanical  blunder,  especially  if  the 
operator  lets  the  clutch  engage  quickly. 

Care  on  the  road.  On  the  road  the 
smoothest  track  should  always  be  chosen. 
Experienced  drivers  often  find  the  best 
track  at  one  side  of  the  main  traveled 
track.  If  possible  they  avoid  ruts  or 
else  travel  slowly  while  in  them.  Natur- 
ally curves,  hidden  turns,  and  down 
grades  will  be  taken  cautiously,  with 
the  machine  under  control.  Railway 
crossings,  culverts,  and  viaducts  are 
always  dangerous,  and  the  negotiation 
of  them  should  never  be  attempted  with- 
out looking  carefully  for  possible  danger. 

One  more  suggestion  for  the  sake  of 
comfort:  drive  so  that  the  people  in  the 
back  seat  are  not  bounced  about.  One 
handle  an  automobile  so  that  the  back  se; 


Pig.  65.  Types  of  rear  axle:  a Semi-floating,  bearings 
at  outer  ends  rest  directly  upon  axle  shafts,  inside  axle 
housing;  b,  three-quarter-floating,  bearings  on  wheels 
roll  on  axle  housing;  c full-floating,  two  sets  of  bearings 
in  each  wheel  supported  on  axle  housing.  Bearings 
shown  by  cross  lines.  (Oakland  Motor  Co.). 

is  not  really  a good  driver  untQ  he  can 
it  is  fairly  comfortable. 


How  to  Care  for  the  Car 

Engine.  Three  things  about  the  engine  are 
important:  lubrication,  cooling,  and  adjust- 
ing. If  the  proper  supply  of  on  is  kept  in  the 
oil  chamber,  heating  of  bearings  will  seldom 
occur.  An  ample  supply  of  water  should  be 
maintained  in  the  cooling  system  at  all  times. 
Any  unusual  knocking  or  pounding  should  be 
located  and  the  cause  removed  at  once.  If 
these  3 items  are  attended  to,  there  will  be 
little  wear  of,  or  damage  to,  the  engine. 

Bearings.  The  various  bearings  should  be 
adjusted  and  oiled  as  the  manufacturer  di- 
rects. A bearing  must  be  snug  but  not  tight. 
If  too  loose,  a plain  bearing  pounds;  if  too 
tight,  it  heats.  Here  again  one  must  go  care- 
fully. Generally  the  inexperienced  man  will 
find  that  it  pays  best  to  nave  an  expert  ad- 
just a loose  crank  pin  or  crank-shaft  bearing. 

Electrical  equipment  Unless  one  is  an 
electrician,  it  is  well  to  let  the  electrical  equip- 
ment alone  unless  dead  sure  that  the  proper 
adjustment  is  being  made.  Of  course  spark 
plugs  must  be  cleaned  and  set,  contact  points 
must  be  smoothed  off,  and  distilled  water 
supplied  to  the  storage  battery.  The  average 
owner  will  make  money  and  save  time  if  he 
has  a competent  man  to  care  for  the  magneto, 
battery,  and  accessories.  This  applies  as  well 
to  the  other  accessories  such  as  the  vacuum 
feed  system.  Don't  tinker! 

Generally  the  transmission  system  requires 
little  care  except  thorough  lubrication.  Loose- 
ness of  parts  or  difficulty  in  gear  shifting  may 
mean  trouble  if  the  cause  is  not  removed.  The 


engine  clutch  should  be  just  tight  enough  to 
prevent  slipping  and  no  tighter. 

The  steering  knuckles  must  be  kept  in 
proper  alignment  to  prevent  excessive  tire 
wear  and  hard  steering.  Brakes  should  be 
adjusted  with  care.  If  too  loose,  they  will 
not  set  tight  enough  to  hold;  if  too  tight,  the 
linings  will  wear  rapidly. 

Lubricating  material  should  be  placed  be- 
tween the  leaves  of  the  springs.  This  will 
prevent  squeaking,  and  make  the  springs  work 
more  easily.  On  rough  roads  or  with  heavy 
loads,  the  strains  on  the  springs  are  enormous. 
In  such  cases  it  is  much  better  to  shift  to 
low  or  intermediate  gear  and  drive  slowly,  than 
to  chance  breaking  a spring  by  going  on  high. 

Tires.  While  tires  do  not  ride  as  easily 
when  properly  inflated,  they  wear  longer  and 
the  automobile  travels  with  less  power.  If 
the  machine  is  to  be  idle  for  some  time,  it  is  a 
good  plan  to  take  the  weight  off  the  tires  and 
reduce  the  pressure  in  them.  The  new  driver 
should  remember  that  both  casing  and  inner 
tube  will  be  ruined  if  driven  when  flat  from  a 
puncture  or  blow  out.  Ruts  and  fast  driving 
over  pavements  are  hard  on  tires,  especially 
if  they  are  a bit  soft. 

Body.  The  body  requires  care  if 
it  is  to  retain  its  finish.  Mud  must  be 
washed  off  before  it  hardens  and  sets. 
Really  it  should  be  soaked  loose,  rather  than 
rubbed  off.  A sponge  is  a great  aid  to  the 
hose  for  this  work.  After  washing,  the  body 
should  be  dried  carefully  and  then  polished 
with  a chamois  skin.  Some  one  of  the  high- 
grade  body  polishes  will  add  to  the  appearance 
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Fig.  66.  The  larger  the  farm,  the  more  useful  the 
automobile  in  keeping  the  owner  in  touch  with  its  various 
activities. 


and  protect  the  finish  as  well.  If  the  body 
is  varnished  over,  use  a high-grade  varnish; 
for  an  inferior  one  will  not  stand  the  dirt,  oil, 
and  water. 

Starting  troubles.  If  the  engine  does  not 
start,  the  cause  may  be  one  of  the  following: 
(1)  No  spark  or  dirty  spark  plugs;  (2)  throt- 
tle closed  too  much  or  too  little;  (3)  lack  of 
fuel  (vacuum  feed  cup  and  carburetor  cup 
empty,  or  water  and  dirt  in  pipes,  etc.);  (4) 
improper  adjustment  of  carburetor;  (5)  en- 
gine and  fuel  too  cold;  (6)  poor  compression. 

Spark  trouble  may  be  due  to  one  of  the  fol- 
lowing causes:  (1)  plugs  full  of  carbon  or 
waiped;  (2)  dirty  contact  points  on  (a)  high- 
tension  magneto;  (b)  spark  coils;  (c)  timer; 

(3)  dirt  on  parts  of  high-tension  distributor; 

(4)  broken  wire  or  poor  dirty  connection; 

(5)  exhausted  storage  battery  or  run-down 
dry  cells;  (6)  timing  mechanism  has  slipped. 

If  the  throttle  is  too  tightly  closed,  the  mix- 
ture may  be  too  rich  and  flood  the  cylinders. 
If  opened  too  wide  the  air  velocity  may  not  be 
sufficient  to  draw  fuel.  A few  trials  will  de- 
termine the  best  point  for  setting  the  throttle 
to  start. 

Lack  of  fuel  is  a frequent  but  scarcely  ex- 
cusable cause  of  trouble.  If  the  tank  runs 
dry  on  a car  equipped  with  vacuum  feed,  the 
engine  must  be  turned  over  several  times  or 
the  carburetor  bowl  filled.  The  various  pock- 
ets and  traps  should  be  drained  occasionally 
to  remove  water  and  dirt  from  the  fuel  lines. 

Improper  adjustment  of  the  carburetor  may 
cause  starting  trouble.  If  an  inexperienced 
owner  tries  to  adjust  the  carburetor  he  should 
go  slowly  and  be  sure  that  each  move  helps. 
By  all  means  read  the  manufacturer's  sug- 
gestions before  trying  to  adjust  the  carburetor 
of  a balky  engine. 

In  cold  weather  an  engine  may  start  hard 
or  even  refuse  to  start.  This  is  because  the 
engine  and  fuel  are  so  cold  that  the  fuel  will 
not  vaporize  readily.  The  remedy  is  to  warm 
the  engine  or  use  something  for  starting  which 
vaporizes  more  readily  than  common  gasoline. 
High-test  gasoline,  warm  water  in  the  cooling 
system,  or  a warm  garage  will  help  greatly. 
A warm  garage  is  perhaps  the  best  way  to 
end  this  trouble. 

When  the  engine  has  been  used  for  some 
time,  the  valves  and  rings  on  the  piston  may 


become  defective  so  that  they  do  not  hold  com- 
pression well.  Poor  compression  adds  to 
starting  trouble. 

Overheating.  The  engine  may  heat  from 
one  of  the  following  causes:  (1)  improper 
cooling;  (2)  poor  lubrication;  (3)  retarded 
ignition;  (4)  poor  fuel  mixture;  (5)  carbon. 

If  the  engine  overheats  be  sure  that  there 
is  plenty  of  water  in  the  cooling  system. 
Feel  the  radiator  and  various  parts  to  make 
sure  that  the  circulation  is  good.  Note  that 
the  pump,  if  one  is  used,  is  running  properly 
and  that  the  rubber  hose  connections  are  not 
flattened  or  cramped. 

If  a splash  oiling  system  is  used,  be  sure  that 
there  is  enough  oil.  If  a pump  is  used,  be  sure 
that  it  is  running  and  that  the  pump  valves 
are  seating.  In  case  of  doubt  drain  out  the 
oil  and  put  in  a fresh  supply. 

Late  ignition  will  cause  heating,  especially 
when  an  engine  has  been  run  considerably  and 
the  compression  is  poor.  It  is  best  to  run 
with  the  spark  advanced  as  much  as  possible 
without  pounding  or  clicking  in  the  cylinder. 

A poor  mixture  of  fuel  and  air  may  cause 
heating.  If  an  engine  continues  to  heat  and 
pound  after  other  causes  have  been  investi- 
gated, it  is  probably  due  to  a too  rich  mixture 
from  a carburetor  with  the  auxiliary  air  valve 
set  too  tight. 

Carbon  in  the  cylinders  may  cause  pounding 
and  heating.  The  remedy  is  to  remove  it 
either  by  scraping  or  the  use  of  the  acetylene 
flame.  A change  of  oil  may  be  helpful,  too. 

Other  troubles.  If  the  automobile  steers 
hard,  the  front  wheels  should  be  lined  up.  It 
is  best  to  follow  the  manufacturer’s  instruc- 
tions in  this  case. 

Jerking  and  jumping  when  running  at  slow 
speed  may  indicate  slipping  of  the  dutch  or 
misfiring.  Tighten  the  clutch  in  the  first 
case,  and  clean  the  spark  plugs  in  the  second. 
If  the  clutch  is  too  tight  it  may  be  hard  to 
shift  the  gears  because  the  clutch  will  keep  the 
shafts  turning.  The  remedy  is  to  loosen  the 
dutch  a bit.  A tight  clutch  which  slips 
badly  must  have  new  fadngs  or  new  discs. 

Grinding  or  racket  in  the  transmission 
case  indicates  worn  bearings,  worn  gears,  or 
slipped  parts.  A good  mechanic  should  be 
able  to  put  the  gear  set  in  order.  A dedded 
pound  in  the  gear  set  may  indicate  either  the 
presence  of  some  foreign  matter  between  the 
gear  teeth  or  a loose  bearing.  This  pound 
should  be  distinguished  from  the  hammering 
of  loose  engine  bearings.  Both  sounds  differ 
from  the  peculiar  ringing  sound  of  preignition 
or  early  firing  of  the  cylinders.  The  man  who 
plans  to  do  his  own  repair  work  must  learn  to 
pick  out  the  various  knocks  and  to  tell  them 
from  preignition  pounds. 

A noisy  differential  may  be  due  to  worn 
teeth  or  to  poor  adjustment.  The  remedy, 
if  a proper  adjustment  does  not  help,  is  to 
buy  new  parts. 

Brakes  should  be  used  with  judgment. 
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They  ought  to  be  set  gradually  except  in 
emergencies.  Never  set  the  brakes  hard  on  a 
wet  pavement,  for  the  car  is  almost  certain  to 
skid  sideways.  It  is  better  to  reduce  the 
speed  of  the  car  gradually  by  shutting  off  the 
engine.  The  special  or  emergency  brake 
should  be  set  if  the  car  is  left  where  there 
is  any  chance  for  it  to  roll.  The  service 
brake  is  the  proper  one  to  use  for  ordinary 
running. 

If  the  engine  stops  while  on  the  road,  look 
at  the  fuel  tank  and  the  carburetor.  Then  test 
the  ignition,  if  necessary.  If  the  motor  heats, 
fill  the  radiator,  look  at  the  oil  supply,  and 
make  sure  that  cooling  water  and  lubricating 
oil  are  circulating.  Always  carry  a piece  of 
wire,  well  insulated,  with  which  to  splice  out 
any  broken  cables.  Be  sure,  too,  to  have  tire 
repairs  and  replacements. 


In  case  the  electric  starter  fails  or  the  hand 
crank  is  lost,  jack  up  one  rear  wheel,  throw  in 
the  high  gear,  and  crank  the  engine  with  the 
rear  wheel.  Be  careful  in  doing  this. 

If  gears  are  stripped  or  keys  sheared  off  it 
is  best  to  get  a first-class  repair  man  at  once. 
When  the  trouble  comes  from  the  electrical 
equipment,  call  a man  who  knows  how  to 
repair  it.  This  should  be  done  also  in  case  of 
serious  breakage  or  heated  bearings.  In 
general,  it  pays  the  owner  to  call  the  repair 
man  for  any  job  which  he  does  not  under- 
stand. It  is,  however,  true  that  many  repair 
men  are  not  competent.  For  this  reason  one 
must  pick  his  garage  with  care  and  then  insist 
on  first-class  service  or  no  pay.  It  not  in- 
frequently happens  that  the  best  repair  man 
is  one  who  is  in  a small  shop  alone  and  does 
not  depend  much  on  hired  help. 


How  to  get  the  most  from  an  automobile.  Insurance  should  be  carried,  for 
gasoline  is  always  liable  to  bum.  It  is  dangerous  when  handled  carelessly.  As 
a further  precaution,  a first-class  fire  extinguisher  of  the  type  in  which  the  liquid 
is  pumpea  should  be  carried.  To  reduce  the  chance  of  using  either  insurance  or 
extinguisher,  one  must  be  careful  in  filling  the  tank  and  be  dead  sure  there  are  no 
leaks. 

The  autoist  should  give  his  car  constant  attention.  Careful  and  systematic 
lubrication,  regular  filling  of  the  radiator,  adjustment  when  needed,  and  decent 
driving,  are  the  chief  requirements  for  success  with  an  automobile.  The  average 
man  can  take  care  of  these  requirements  without  difficulty.  In  case  of  doubt  he 
has  only  to  consult  his  instruction  book  or  to  refer  the  trouble  to  a man  in  whom 
he  has  confidence.  The  farmer  autoist  should  remember  that  he  is  driving  a per- 
fected mechanical  creation.  He  can  then  understand  the  importance  of  removing 
every  needless  noise  or  harmful  pound  if  he  expects  to  get  the  worth  of  his  money. 

If  the  driver  is  a “Safety  First”  man  and  gives  reasonable  attention  to  his  car, 
it  will  prove  a profitable  and  pleasurable  investment;  but  the  man  who  buys  a car 
and  runs  it  without  a regular  schedule  for  its  care,  and  regardless  of  its  mechanical 
condition,  is  sure  to  be  disappointed.  Assuredly  a man  need  not  be  a mechanical 
genius  to  become  a successful  driver.  It  is  equally  certain  that  he  must  be  careful 
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and  alert  to  get  the  best  results.  The  farmer  cannot  get  satisfaction  from  his 
automobile  unless  he  is  willing  to  give  to  it  better  care  than  he  does  to  his  heavy 
farm  machinery. 

Common  Automobile  Terms  and  What  They  Mean 


Accelerator.  A small  foot-controlled  pedal 
intended  to  supplement  the  hand  throttle 
lever  for  increasing  engine  speed  by  increas- 
ing the  gas  supply  to  the  engine. 

Back-firing.  (1)  A popping  noise  in 
the  carburetor  due  to  mixture  containing 
too  much  air;  or  (2)  an  explosion  in  the  muffler 
of  an  unburnt  charge  of  vapor  that  has  been 
discharged  from  a “skipping”  cylinder. 

Cantilever  Spring.  A form  of  spring 
that  is  similar  m form  to  the  side  spring 
ordinarily  used  on  a buggy,  except  that,  in- 
stead of  carrying  the  loaa  at  the  centre  and 
being  shackled  to  each  axle  at  the  ends,  it  is 
attached  to  the  frame  at  the  centre,  and  shack- 
led to  the  frame  at  the  front  end  and  to  the 
car  axle  at  the  rear.  The  centre  support  is  a 
swiveling  form  to  permit  of  spring  deflection 
under  load.  This  form  is  nearly  always  used 
for  rear  suspension. 

Carburetor.  A simple  device  attached 
to  the  gasoline  engine  for  the  purpose  of 
producing  an  explosive  gas  for  the  engine  by 
vaporizing  a liquid  fuel,  such  as  gasoline,  and 
mixing  the  resulting  vapor  with  air  in  pro- 
portions necessary  to  secure  extremely  rapid 
combustion  in  the  cylinders. 

Clutch.  A releasable  driving  connection 
interposed  between  the  engine  and  the  driving 
gearing  in  all  gasoline  automobiles  and  em- 
ployed to  disconnect  the  engine  from  the 
power-transmission  system  when  it  is  desired 
to  stop  the  vehicle  without  stopping  the  en- 
gine, and,  after  the  car  has  been  stopped 
to  secure  a gradual  start  by  engaging  the 
clutch  gradually  when  it  is  desired  to  resume 
mbtion. 

Chassis.  Name  given  to  all  parts  of  the 
automobile  mechanism  when  the  body  is 
removed.  It  includes  the  frame,  wheels, 
axles,  springs,  power  plant,  change-speed 
gearing,  power-transmission  system,  and 
control  elements. 

Cylinders  Cast  en  Bloc.  The  old  method 
of  casting  engine  cylinders  was  to  make  them 
individual  members.  The  new  way  is  to 
cast  4 or  6 cylinders  in  one  large  casting  to 
make  a more  compact  design,  all  cylinders 
having  a common  water  jacket  and,  m some 
cases,  one  large  removable  cylinder  head. 

Differential.  An  assembly  of  gearing  in 
the  rear  axle  that  permits  the  driving  wheels 
to  turn  at  different  speeds  when  rounding 
curves.  As  the  outer  wheel  covers  more 
ground,  it  must  turn  faster  than  the  inner  or 
pivot  wheel,  and,  at  the  same  time,  the  power 
of  the  engine  must  be  delivered  to  each  wheel 
in  proper  proportion.  If  no  differential 
gear  was  fitted,  there  would  be  considerable 


wear  on  the  tires,  as  the  difference  in  wheel 
speed  would  result  in  the  tires  slipping. 

Ignition.  In  order  to  produce  power  the 
explosive  gas  in  the  cylinders  of  the  engine 
must  be  exploded  at  the  proper  time,  so  that 
the  piston  will  be  forced  aown  in  the  cylinder 
by  the  expanding  gas.  The  electric  spark 
employed  to  fire  the  charge  is  termed  the 
ignition  spark , and  the  electrical  appliances 
producing  it  are  parts  of  the  ignition  system. 

Knocking  or  Pounding.  A sharp,  me- 
tallic, clanking  noise  in  the  engine  while 
running,  indicating  a loose  bearing  or  other 
interior  part  of  the  mechanism,  or  serious 

Se  overheating  because  of  poor  cooling  or 
e of  the  lubrication  system  to  act.  It 
is  often  caused  by  carbon  deposits  in  the  com- 
bustion chamber  of  the  engine. 

Magneto.  A simple  form  of  dynamo  that 
produces  electric  current  for  ignition  purposes 
and  that  may  time  it  and  distribute  it  to  the 
cylinders  so  that  they  will  fire  in  regular 
sequence.  A simple  device  for  converting 
mechanical  energy  into  electricity.  It  can 
be  used  in  place  of  batteries  in  the  ignition 
system. 

Misfiring.  '.Irregular  engine  action,  in  which 
the  cylinders  do  not  fire  regularly,  due  for 
the  most  part  to  faulty  carburetion  or  igni- 
tion. It  is  accompanied  by  considerable 
vibration  and  loss  of  power. 

Over-size  Tires.  Tires  that  are  larger 
than  standard  rim  sizes  but  which  will  fit 
rims  intended  for  smaller  tires  when  such  are 
overloaded.  For  example,  the  oversize  cas- 
ing 33  inches  by  4 inches  is  intended  to  go  on 
a rim  designed  for  32  inches  by  3}  inches 
casings.  Over-size  tires  give  longer  life,  re- 
duce chances  of  tire  trouble,  and  contribute 
to  easier  riding. 

Suspension,  Three-point  An  engine  can 
be  held  in  the  motor  car  frame  by  3 or  4 
supports.  When  held  by  3 hangers,  one  is 
at  the  front  end  and  in  the  centre,  the  other 
two  are  at  the  rear,  one  on  each  side.  The 
other  method  is  to  use  4 hangers,  one  on  each 
corner  of  the  engine  base.  A 3-legged  milking 
stool  will  rest  more  steadily  on  uneven  ground 
than  a 4-legged  one.  Similarly,  a 3-point- 
supported  engine  will  not  be  strained  by 
frame  distortion  as  much  as  one  held  by  4 
points. 

Timer.  A mechanically  operated  switch 
driven  by  the  engine  and  employed  to  dis- 
tribute the  ignition  current  to  the  various 
cylinders  in  their  proper  firing  order. 

Torque.  The  twist  produced  in  a shaft 
or  other  member  transmitting  power.  The 
greater  the  power  transmitted  at  a given 
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red,  the  greater  the  torque  in  the  shaft. 

measure  of  power  introducing  a leverage 
factor  as  the  torque  is  greater  at  1 inch  from 
the  shaft  centre  than  it  is  at  6 inches  from  the 
centre.  The  torque  is  always  less  at  the  rim 
of  a wheel  than  it  is  at  the  hub,  assuming 
that  the  wheel  is  driven  by  the  hub. 

Transmission,  Planetary.  A form  of 
change-speed  gearing  in  which  the  gearing 
is  so  arranged  that  the  speed-reducing  gears 
surround  the  driving  gear  in  the  same  way 
that  various  planets  encircle  the  sun.  The 
centre  gear  is  called  the  “sun"  gear,  as  it  is 
the  centre  of  the  planetary  system;  the  others 
are  called  “planet”  gears. 

Transmission,  Selective.  A form  of 

change-speed  mechanism  in  which  sliding 
are  meshed  with  each  other,  one  set 
carried  on  a main  shaft,  the  other  on 
a lay  shaft.  Various  ratios  of  speed  are 
secured  by  meshing  together  gears  of  different 
diameters.  The  selective  system  permits  of. 


engaging  any  desired  pair  of  gears  without 
first  going  through  another  ratio,  as  is  neces- 
sary in  the  progressive  system. 

Tread.  The  distance  between  the  points 
of  contact  of  the  front  or  rear  tires  measured 
along  the  ground  and  parallel  with  the  axle 
corresponds  to  the  “track”  of  a horse-drawn 
vehicle.  The  standard  tread  for  automobiles 
is  56  inches. 

Universal  Joint.  A form  of  driving  coup- 
ling employed  to  join  the  engine  to  the 
rear  axle  driving  shaft  so  as  to  allow  some 
vertical  and  horizontal  motion  between  the 
driving  source  and  the  driven  member  with- 
out straining  the  driving  shaft  or  losing 
much  power.  An  important  part  of  aU 
automobiles. 

Wheelbase.  The  distance  between  the 
point  of  contact  of  the  front  tires  and  the 
ground  and  that  of  the  rear  tires  and  the 
ground.  Moderate  and  long  wheelbase  cars 
are  easier  riding  than  short  ones. 


Fig.  68.  Top  view  of  a standard  6-paaeenger,  left-hand-steering  touring  car  body — an  excellent  all-round 

type  for  the  farmer 
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Pig.  69.  The  motor  truck  enables  the  market  gardener  to  make  two  or  more  tripe  to  town  where  he  used  to  make 
but  ooe;  and  to  meet  special,  profitable  demands  as  he  never  could  before 


CHAPTER  5 

Motor  Trucks  and  Traders  on  the  Farm 

AUTHORITIES  on  agricultural  matters  have  computed  that  much  more  power 
il  is  needed  to  carry  on  the  farming  operations  essential  in  raising  the  produce 
required  to  feed  our  population  than  is  utilized  in  all  of  the  manufacturing  estab- 
lishments of  this  country.  It  has  been  many  years  since  either  man  power  or 
animal  power  was  used  in  our  industrial  establishments;  and  just  as  the  use  of 
mechanical  power  has  modernized  manufacturing,  it  is  equally  essential  that 
wherever  possible  mechanical  power  be  used  in  modem  fanning  operations  to  the 
exclusion  of  hand  labor  or  animal  power.  Agriculture  is  one  of  the  country’s 
most  important  industries  and  it  is  evident  that  the  same  economic  arguments 
that  make  the  use  of  power-operated  machinery  imperative  in  the  factory  render 
it  of  equal  importance  on  the  farm.  The  wide  use  of  the  internal-combustion 
engine  for  power  on  the  farm  and  the  usefulness  of  the  passenger-carrying  types 
of  automobiles  are  fully  considered  elsewhere  in  this  treatise.  In  this  chapter  it 
is  proposed  to  outline  the  place  of  the  motor  truck  in  modem  fanning  operations 
and  the  farm  work  for  whicn  it  is  best  fitted.  Various  types,  sizes,  and  costs  will  be 
considered  briefly,  and  endeavor  will  be  made  to  outline  some  of  the  salient  points 
to  be  considered  in  properly  maintaining  the  motor  truck. 

Gasoline  engine  easy  to  master.  Mechanical  transportation  has  been  made 
possible  by  the  great  development  which  has  taken  place  in  the  last  decade  and  a 
half  in  the  internal-combustion,  or,  as  it  is  familiarly  called,  the  ‘‘gasoline’’  engine, 
and  especially  in  its  application  as  a propulsive  agent  for  all  types  of  motor  ve- 
hicles. The  big  advantage  of  this  type  of  prime  mover  is  that  it  can  be  mastered 
by  any  person  having  the  slightest  knowledge  of  mechanics,  and  as  most  farmers 
are  naturally  mechanical  they  should  experience  no  difficulty  in  obtaining  from 
motor  vehicles  service  more  than  commensurate  with  the  amount  of  money  in- 
vested in  them. 

The  work  such  vehicles  are  doing  on  the  farm  is  apt  to  be  judged  more  by  the 
spectacular  performances  or  the  unusual  tasks  than  by  the  every-day,  humdrum 
work  that  must  be  done  regularly  and  as  a matter  of  routine.  Transportation  is 
one  of  the  daily  tasks  of  the  farmer  that  lacks  the  spectacular  element,  and  for 
some  time  it  was  the  one  branch  of  farming  that  was  neglected.  Farmers  who 
had  thousands  of  dollars  tied  up  in  farm  machinery  that  was  used  only  at  certain 
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seasons  of  the  year  hesitated  to  invest  money  in  a motor  truck  that  could  be  used 
at  all  seasons. 

The  early  forms  of  trucks  were  far  from  being  reliable,  and  it  is  only  in  recent 
years  that  a refinement  in  structural  detail  has  made  the  heavy-capacity  vehicles 
dependable  and  durable.  Another  factor  that  has  retarded  tne  adoption  of  the 
motor  truck  by  the  farmer  has  been  the  slow  development  of  good  highways  in 
some  sections  of  the  country.  In  those  states  where  improved  roads  are  found, 
absolutely  no  difficulty  has  materialized  that  would  prevent  the  economical 
use  of  motor  trucks.  Indeed,  the  one  essential  that  controls  the  amount  of  ser- 
vice to  be  obtained  from  any  truck  is  good  roads,  so  that  in  districts  where  the 
highways  are  of  an  indifferent  character  the  farmer  will  need  to  give  the  matter  of 
purchasing  a truck  of  conventional  design  very  careful  consideration.  Still, 
even  if  road  conditions  are  not  of  the  best  a motor  truck  will  give  good  service, 
and  special  forms  such  as  the  4-wheel-drive  and  types  using  the  ‘‘caterpillar” 
tread  or  track-laying  method  of  power  transmission  may  be  used  under  conditions 
that  would  stall  the  conventional  2-wheel-drive  form  of  trucks.  In  some  sections 
of  the  country  it  is  possible  to  use  mechanical  power  exclusively;  in  others  the 
motor  truck  will  prove  practical  for  certain  tasks  and  horses  better  adapted  for 
others;  and  there  are  sections  where  a motor  truck  would  not  give  satisfactory 
service  and  where  animal  power  would  have  to  be  depended  upon  entirely. 


The  ideal  motor  track.  The  tasks  of  the 
fanner  are  many  and  varied.  Considerable 
work  must  be  done  during  relatively  short 
periods  and  only  at  certain  seasons.  The 
method  of  transportation  used  must  be  one 
that  can  be  employed  in  various  kinds  of  farm 
work,  besides  hauling  produce  to  the  market 
and  returning  with  the  supplies  that  are  neces- 
sary to  carry  on  the  farm  operations.  The 
ideal  motor  truck  for  the  farmer  must  be  es- 
sentially simple  in  construction,  easy  to  oper- 
ate ana  care  for,  and  economical  to  maintain. 
The  motor  truck  has  the  advantage  over 
animal  power  that  it  does  not  entail  any  main- 
tenance expense  except  when  actually  in  use 
and  that  it  is  ready  for  any  task  at  short 
notice.  When  horses  are  used,  unless  some 
are  held  in  reserve,  it  is  not  possible  to  make 
more  than  one  trip  to  town  and  back  if  a farm 
is  located  outside  of  a radius  of  10  miles,  and 
generally  the  greater  part  of  the  day  is  con- 
sumed in  making  that  one  trip.  With  a motor 
truck  several  trips  can  be  made,  if  necessary, 
in  the  same  time,  and  if  the  work  can  be  ac- 
complished on  one  trip,  it  is  done  in  so  much 
less  time  that  a longer  period  is  available  for 
doing  other  necessary  tasks.  All  farms  do 
not  need  gas  tractors,  but  it  is  safe  to  say  that 
almost  any  farm  can  use  a motor  vehicle  to 
advantage.  One  feature  is  that  on  occasion 
motor  transportation  can  be  used  by  the  wo- 
men of  the  farm  as  well  as  by  the  men.  The 
automobile  truck  brings  the  farmer  closer 
to  his  market  and  greatlv  increases  the  radius 
of  the  circle  of  markets  for  the  sale  of  his  pro- 
duce. 

Choosing  a truck.  The  important  point 
to  consider  in  selecting  a motor  truck  for 
farm  use  is  the  character  of  the  work  it  is  ex- 
pected to  do.  It  would  be  inadvisable  to 


purchase  a large  truck  if  the  work  could  be 
done  with  a small  one,  and  it  would  be  a 
serious  mistake  to  purchase  a truck  of  less 
capacity  than  needed  and  overload  it  in  at- 
tempting to  make  it  do  work  that  it  was  not 
intended  for.  On  small  farms,  such  as  those 
devoted  to  the  raising  of  poultry  or  dairy 
products,  it  is  not  necessary  to  use  large 
trucks.  A safe  criterion  to  go  by  in  selecting 
a truck  is  the  number  of  horses  that  would 
normally  be  required  to  do  the  work  expected 
of  the  motor  vehicle.  A 1-ton  truck  of  good 
design  will  do  the  same  amount  of  work  as  3 
horses  in  the  same  time,  provided  that  condi- 
tions are  favorable  to  the  use  of  motor  trucks. 
It  is  stated  that  the  average  work  of  a team  of 
horses  used  for  transportation  purposes  is 
about  20  miles  a day.  A truck  can  easily 
cover  twice  that  mileage,  and  in  emergencies 
3 times  the  distance  can  be  covered. 

A 2-ton  truck  can  do  the  work  of  6 horses 
in  many  lines,  and  in  a few,  such  as  hauling, 
under  good  road  conditions  it  can  do  more. 
As  a rule,  a 2-ton  truck  compares  very  favor- 
ably with  6 horses.  While  it  is  difficult  to  give 
maintenance  figures  that  will  apply  to  all  lo- 
calities for  either  the  upkeep  of  horses  or  for 


Fig.  70.  The  breeder  who  takes  his  stock  to  fairs  and 
shows  by  truck  avoids  the  expense,  trouble,  and  dan- 
ger of  infection  involved  in  railroad  transportation. 
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that  of  motor  trucks,  it  is  safe  to  say  that 
it  will  cost  at  least  $5  per  day  for  1 team 
capable  of  traveling  20  miles.  This  is  equiva- 
lent to  25  cents  per  mile.  A consideration 
of  the  operating  cost  of  various  types  of  trucks 
shows  that  a 2-ton  truck  will  travel  40  miles 
a day  without  difficulty  at  a cost  of  operation, 
including  depreciation,  maintenance,  etc., 
of  about  $8  per  day.  If  the  truck  travels 
40  miles,  the  cost  is  about  20  cents  per  mile. 


A 2-ton  truck  will  easily  average  40  miles 
a day;  in  fact  many  are  making  60  miles  and 
more.  Most  of  the  cost  figures  given  in  the 
past  have  been  based  on  the  use  of  gasoline 
as  fuel;  but  many  trucks  of  recent  develop- 
ment operate  satisfactorily  on  the  cheaper  pro- 
ducts such  as  kerosene  or  distillate,  the  lat- 
ter being  a very  plentiful  and  common  fuel  in 
the  western  states,  while  the  former  can  be 
easily  obtained  anywhere  in  this  country. 


Why  motor  truck  is  displacing  horse.  The  reason  that  the  motor  truck  is  dis- 
placing the  horse  wherever  mechanical  power  can  be  used  is  that  it  is  now  un- 
profitable to  keep  horses  owing  to  the  increase  in  their  cost — about  160  per  cent 
during  the  last  decade.  The  maintenance  expenses,  also,  have  all  increased,  the 
cost  of  feed,  harness,  shoeing,  bam  construction,  and  other  incidental  expenses 
having  become  greater.  In  spite  of  the  increased  cost,  the  horse  of  to-day  is  no 
more  powerful  than  that  of  25  or  30  years  ago,  when  horseflesh  was  cheap. 
Thomas  A.  Edison  says  that  the  horse  is  the  most  inefficient  power  producer 
known  and  the  poorest  motor  ever  built.  Its  food  consumption  is  10  pounds  for 
every  hour  of  work  and  the  average  horse  eats  6 tons  of  food  per  year.  In  fact, 
it  consumes  the  entire  output  of  5 acres  of  land.  Its  thermal  efficiency  is  very 
low,  that  is,  the  amount  of  power  obtained  for  the  food  consumed  is  but  2 per 
cent.  Compare  this  with  the  power  plant  of  the  average  motor  truck,  which  naa 
a thermal  efficiency  of  25  per  cent  in  most  forms,  and  it  will  be  evident  that  the 
user  of  mechanical  power  has  a pronounced  advantage. 


Analysis  of  a recent  government  report 
shows  that  a farm  horse  averages  less  than  4 
hours*  work  per  day,  and  that  from  tiring  his 
efficiency  is  greatly  reduced  in  5 or  6 hours. 
A motor  truck  can  be  operated  continuously. 
It  has  been  stated  that  if  the  food  required  by 
the  horses  and  mules  now  being  used  in  the 
United  States  were  raised  on  one  large  farm 
that  this  would  have  an  area  as  large  as  Indi- 
ana, Illinois,  Iowa,  and  Ohio  combined.  It 
is  evident  that  in  periods  of  food  shortage 
this  area  could  be  used  to  much  greater 


Fig.  71.  One  form  of  motor  truck  abuse  is  uneven 
loading  which  flattens  the  springs,  distorts  the  tires,  and 
often  results  in  serious  upsets. 


economic  advantage  in  feeding  our  popula- 
tion than  in*  providing  fuel  for  inefficient  ani- 
mal power. 

The  farm  horse  is  a contemporary  of  the 
spade  and  the  scythe.  The  motor  truck  is  a 
contemporary  of  the  tractor  plowing  outfit  and 
the  automatic  binder  and  harvester.  Horses 
that  are  used  with  great  care  will  not 
work  more  than  half  of  the  working  days  of 
the  year,  and  if  more  service  than  this  is  ex- 
pected; it  can  be  done  only  at  the  expense  of 
the  animals'  endurance.  If  a motor  truck  is 
taken  care  of,  it  will  be  in  working  order  about 
85  per  cent  of  the  time,  if  one  considers  the 
time  lost  in  maintenance  and  in  making  neces- 
sary repairs.  It  should  be  borne  in  mind  that 
in  this  period  the  motor  truck  may  be  worked 
24  hours  a day,  if  necessary.  Another  con- 
sideration which  shows  an  important  differ- 
ence between  a living  organism  and  a mechan- 
ical contrivance  is  that  a horse  is  depreciating 
in  value,  that  is,  he  is  growing  older  all  the 
time,  even  if  most  of  that  time  is  spent  in  a 
stall.  The  motor  truck  depreciates  only  when 
in  use,  as  when  it  is  idle  there  is  practially  no 
expense  to  be  considered  except  the  cost  of 
storage  and  the  interest  charges  on  the  invest- 
ment. 

The  mistake  that  is  often  made  by  the 
farmer  who  contemplates  using  motor  trucks 
is  that  he  compares  motor-truck  service  with 
his  previous  experience  in  using  animals,  and 
in  so  doing  he  is  apt  to  lose  sight  of  the  many 
marked  advantages  that  a motor  truck  has 
over  the  horse  in  the  field  of  transportation. 
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As  regards  the  comparative  cost  of  maintain- 
ing horses  and  trucks,  it  has  been  found  that, 
when  all  of  the  expenses  of  a light  double  team 
for  1 month  were  considered,  the  average 
miles  per  day  numbered  but  12  and  the  cost 
per  mile  was  88  cents.  One  heavy  double 
team  made  10  miles  per  day  average  and  cost 


64  cents  per  mile  to  operate.  A II  -ton  motor 
truck  averaged  86  miles  per  day  and  cost  231 
cents  per  mile  to  operate.  A 3-ton  motor 
truck  averaged  30  miles  per  day  and  cost  361 
cents  per  mile.  The  costs  per  ton  mile  (that 
is,  per  ton  of  load  hauled  one  mile)  were  re- 
spectively 36,  32,  and  12  cents. 


Types  and  sizes  of  trucks.  It  is  not  possible  to  give  an  opinion  as  to  the  best 
size  of  truck  to  use  on  a farm  of  certain  acreage,  because  the  nature  of  the  work 
done  on  two  farms  of  identically  the  same  size  would  vary  widely  according  to  the 
section  in  which  they  were  located,  the  character  of  the  soil,  and  the  possible  mar- 
ket  for  the  product.  Some  small  farms  are  cultivated  intensively  and  raise  gar- 
den truck  for  city  markets  in  such  large  quantities  as  to  make  the  use  of  a motor 
truck  imperative.  Motor  transportation  not  only  insures  the  prompt  delivery 
of  perishable  products,  but  makes  it  possible  to  seek  a market  farther  away  than 
the  original  one,  if  it  is  found  that  an  unusual  quantity  of  the  same  class  of  pro- 
duce has  been  brought  in.  A farm  producing  a bulky  product  would  require  a 
larger  motor  truck  than  one  of  the  same  size  which  shipped  its  product  in  a more 
concentrated  form,  such  as  a milk  or  a poultry  farm.  The  best  way  to  determine 
the  most  useful  size  of  truck  is  to  compare  its  prospective  work  with  that  accom- 
plished by  horses,  bearing  in  mind  the  fact  that  on  many  farms  it  will  still  be 
necessary  to  keep  some  of  the  animals  for  work  that  a truck  is  unable  to  do  as 
cultivating,  pulling  mowing  machines,  hauling  over  meadows  and  through  road- 
less fields  and  forests,  etc. 


T)rpes  and  their  cost.  The  types  of  trucks 
available,  their  initial  cost  and  maintenance 
expense,  vary  as  widely  as  the  character  of 
work  these  trucks  can  do.  On  a small  farm 
where  no  more  than  2 horses  are  kept  for  trans- 
portation it  may  be  possible  to  dispense  with 
both  animals  and  replace  them  with  a small 
truck  of  about  1,500  pounds  capacity.  As  a 
general  rule,  trucks  having  a capacity  ranging 
from  500  pounds  to  1,500  pounds  are  usually 
converted  standard  passenger-carrying  chassis 
that  have  been  fitted  with  light  bodies  of  the 
express  type.  Small  trucks  are  generally 
equipped  with  pneumatic  tires,  and  most  of 
them  have  about  the  same  speed  as  pleasure 
cars  of  equal  power  and  cost  but  little  more  to 
operate.  A light  vehicle  of  this  form  having  a 
capacity  of  750  pounds  will  cost  about  7 cents 
per  mile  to  operate,  this  including  cost 
of  tires,  depreciation,  and  interest  on  the  in- 
vestment, as  well  as  the  cost  of  fuel  and  oil. 
The  mistake  is  often  made  by  truck  salesmen 
of  quoting  figures  considerably  lower  than 
those  of  the  actual  maintenance  cost,  only 
such  items  as  are  apparent,  as  fuel  and  oil  con- 
sumption and  tire  depreciation,  being  consid- 
ered. The  truck  purchaser  expects  to  dupli- 
cate the  figures  given  by  the  optimistic  sales- 
man and  is  disappointed  when  he  finds  that 
the  actual  operating  expense  is  two  or  three 
times  what  he  has  been  expecting. 

No  figure  is  given  for  repairs  in  the  esti- 
mates considered  because  tins  is  an  unknown 
factor  in  which  the  personal  element  enters. 
The  depreciation  considered  is  only  normal 


wear  and  tear,  and  it  is  considerably  lower 
than  it  would  be  if  a truck  were  carelessly 
operated,  poorly  inspected  and  lubricated, 
and  continuously  overloaded.  The  average 
of  a set  of  maintenance  figures  shows  that 
the  cost  of  running  the  average  light  truck  of 
1,500  pounds  capacity  is  between  12  cents  and 
14  cents  per  mile.  Trucks  having  a carrying 
capacity  of  1 ton  or  more  are  usually  built 
along  lines  that  are  a departure  from  those 
used  in  passenger-carrying  chassis.  All  of 
the  parts  are  more  substantial;  and  special 
features  of  truck  construction  are  noticed, 
such  as  heavy  frames  and  springs,  more  sub- 
stantial wheels  and  axles,  the  use  of  hard 
rubber  tires  instead  of  the  pneumatic  types 
employed  on  the  lighter  trucks,  special  power- 
transmission  systems  such  as  worm  and  in- 
ternal gear  drive  and,  as  a concession  to  the 


Fig.  72.  Modem  devices  for  hitching  an  ordinary 
wagon  to  a pleasure  car  provide  increased  hauling  capac- 
ity at  minimum  cost. 
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Fig.  73.  A good  heavy  farm  truck  of  the  chain  drive  type 


heavier  load,  the  less  resilient  springs  and  the 
solid  rubber  tires,  a materially  reduced  maxi- 
mum 8 peed  of  operation.  When  solid  tires 
are  used  the  factor  of  tire  expense  is  reduced, 
but  that  of  mechanical  depreciation  is  in- 
creased. The  cost  of  operating  a 1-ton 
truck  of  real  truck  construction  will  not  be 
very  much  more  than  that  of  the  converted 
pleasure-car  chassis  of  considerably  less  ca- 
pacity, and  it  is  safe  to  figure  on  about  20 
cents  per  mile  as  the  operating  cost. 

As  trucks  augment  in  capacity  there  is  not 
a directly  proportional  increase  in  operating 
expense,  because  there  is  very  little  difference 
in  the  size  of  the  engine  used  in  a 1-ton  truck 
and  in  one  of  twice  that  capacity.  The  in- 
crease in  weight  is  compensated  by  gearing 
the  truck  lower  and  reducing  its  speed.  In 
this  way  the  power  plant  wul  use  but  little 
more  fuel  and  oil  than  in  the  lighter  truck,  and 
instead  of  the  cost  of  operation  being  twice 
as  much  for  a 2-ton  truck  as  it  would  be  for 
one  of  half  the  capacity,  the  increase  in  cost 
is  but  83J  per  cent.,  or  about  27  cents  per 
mile  for  the  2-ton  job.  A good  2,000-pound 
capacity  truck  can  be  purchased  for  $1,500. 
A reliable  truck  of  twice  this  capacity  may  be 
purchased  for  approximately  $2,000.  Hence, 
it  is  economy  to  purchase  a truck  somewhat  in 
excess  of  the  actual  requirements  rather  than 
one  of  just  the  capacity  needed.  In  figuring 
the  probable  cost  of  operation  of  trucks  of 
greater  capacity  than  2 tons  one  need  only  add 
6 cents  to  the  basic  figure  of  about  30  cents  per 
mile  for  each  1,000-pound  increase  in  truck 
size.  A 3-ton  truck  therefore  would  cost 
about  40  cents  per  mile  to  operate.  Truck 
operation  figures  can  be  kept  to  a minimum 
if  the  work  done  is  intelligently  planned  so 
that  return  trips  can  be  utilized  instead  of 
bringing  the  truck  back  from  market  empty. 
The  cost  of  truck  operation  has  been  materi- 
ally reduced  by  many  farmers  who  have 
brought  supplies  back  from  town  for  their 
less  fortunate  neighbors  at  a nominal  figure 
rather  than  drive  the  truck  home  empty. 


Points  of  a Good  Truck 

There  are  certain  characteristics  which  have 
become  standardized  on  practically  all  trucks 
of  modern  manufacture.  Of  the  converted 
pleasure  cars  but  little  need  be  said  here,  the 
characteristics  of  the  passenger-carrying  auto- 
mobile having  been  fully  considered  in  their 
proper  place.  Practically  all  trucks,  regard- 
less of  capacity,  are  now  provided  with  4- 
cylinder  4-cycle  engines  of  the  water-cooled 
form.  While  a truck  engine  is  similar  in  prin- 
ciple to  that  used  on  a pleasure  car,  it  is  con- 
siderably heavier,  and  the  parts  are  of  more 
substantial  proportions  because  the  engine  is 
of  a medium-duty  type  rather  than  of  the 
light-duty,  high-speed  type  that  can  be  used 
successfully  in  passenger-carrying  vehicles. 
The  bearings  are  of  greater  area  because  they 
do  more  work,  and  the  cooling  system  has 
more  of  a margin  regarding  heat-absorbing 
capacity  when  used  on  a medium-duty  power 
plant.  At  the  same  time,  the  construction 
of  a truck  engine  is  not  nearly  as  heavy  as 
that  of  a tractor  power  plant  or  of  an  engine 
intended  for  stationary  work. 

Position  of  power  plant.  There  are  two 
methods  of  placing  the  power  plant  relative 
to  the  operators  seat.  In  all  types  of  com- 
mercial vehicles  the  motor  is  installed  at  the 
front  end  of  the  chassis,  and  in  some  cases  it  is 
under  a hood  as  in  pleasure  cars,  but  in  other 
designs  it  is  placed  under  the  floor  boards  or 
the  driver's  seats  which  are  elevated  for  that 
purpose.  Most  of  the  modern  trucks  have 
the  engine  located  under  the  hood.  The  ad- 
vantages of  the  motor-under-the-seat  location 
may  be  well  summed  up  by  saying  that  it 
makes  possible  more  loading  space  for  a given 
carrying  capacity  and  wheelbase.  The  shorter 
wheelbase  vehicle  has  advantages,  if  it  is  to 
be  operated  in  congested  city  traffic,  as  it  is 
more  easily  maneuvered  when  driving  in 
narrow  thoroughfares,  taking  comers,  or 
backing  up  to  a loading  platform.  The  main 
advantage  advanced  for  the  motor-in-front 
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type  of  trucks  is  accessibility  of  the  power 
plant,  which  may  be  easily  reached  by  raising 
the  hood.  This  feature  is  by  no  means  lost 
when  the  motor  is  placed  under  the  seat,  be- 
? cause  all  average  adjustments  may  be  easily 

made  by  raising  the  floor  boards  or  by  opening 
hinged  doors  which  are  placed  at  the  side  oi 
the  motor  compartment.  Some  makers  who 
install  the  motor  under  the  seat  arrange  the 
parts  in  such  a way  that  they  may  be  removed 

• as  units,  permitting  ready  access  to  the  motor 
and  making  for  prompt  removal  in  event  of 

* overhauling.  In  such  a truck,  a dash  unit 
which  includes  the  radiator,  control  levers, 
fuel  tank  and  a frame  for  the  support  of  the 
floor  boards  may  be  removed  after  a seat  unit, 
which  is  separate  and  designed  to  fit  over  the 
dash  unit  when  that  is  in  place  on  the  chassis, 
is  taken  out  of  the  way. 

Combination  motor  truck  and  tractor.  For 
farm  use,  combination  vehicles  which  incor- 
^ porate  some  of  the  features  of  the  motor  truck 

m conjunction  with  those  of  the  tractor  have 
been  favorably  received  by  farmers.  The 
farm  truck  (Fig.  73)  is  a very  good  form  for 
general  use.  It  is  said  that  it  will  carry  a 
load  of  3 tons  in  the  wagon  bed  and  that  it  has 
a drawbar  for  pulling  plows  and  other  ma- 
chines requiring  draft.  A pulley  is  located  at 
the  front  end  for  driving  stationary  machinery. 

' The  weight  of  this  truck  is  carried  on  four 

? wheels,  and,  when  used  as  a tractor,  a load 

must  be  placed  over  the  driving  wheels  to 
secure  proper  traction.  The  machine  is 
spring-mounted  and  is  adapted  to  speeds 
ranging  from  3 to  15  miles  per  hour.  It  may, 
therefore,  be  used  for  a wide  variety  of  work. 
*i  he  wheels  may  be  provided  with  solid  rubber 
tires  for  ordinary  road  use  or  with  a series  of 
wooden  plugs  to  adapt  the  tractor  to  field 
work.  Traction  on  soft  ground  may  be  se- 
cured by  an  extension  rim  having  a number  of 


mud  lugs  attached,  these  being  so  fastened 
to  the  wheels  that  they  will  automatically 
grip  the  soil  when  the  wheels  sink  to  a certain 
depth.  A machine  of  this  nature  will  haul 
grain,  hay,  stock,  milk,  fruit,  vegetables,  or 
any  kind  of  farm  produce  to  the  market,  and 
it  will  bring  back  coal,  lumber,  fertilizer,  or 
any  other  kinds  of  merchandise  needed  by  the 
farmer.  Provided  with  a 40-horse-power 
motor,  it  has  sufficient  tractive  power  to  pull 
three  14-inch  plows  and  a harrow  in  ordinary 
stubble  plowing  and  will  complete  an  acre  per 
hour.  It  will  pull  2 discs  or  2 spike  harrows, 
2 seeders,  2 binders,  com  planters,  a road 
grader,  a train  of  loaded  wagons,  or  any  other 
machinery  that  does  not  require  a draft 
greater  than  that  furnished  by  10  horses.  A 
general-purpose  machine  of  this  character  is 
a valuable  piece  of  equipment  for  both  small 
find  medium-sized  farms,  as  it  will  not  only  haul 
loads  of  all  kinds  in  its  wagon  bed  but  also  can 
be  used  for  field  work  to  some  extent  and  serve 
as  a portable  belt  power  plant  when  desired. 

While  the  conventional  rear-wheel-drive 
truck  is  adeguate  for  fully  75  per  cent  of 
hauling  requirements,  there  are  conditions 
where  the  use  of  a 4-wheel-drive  truck  would 
be  advisable.  In  this  machine  all  4 wheels 
combine  directive  as  well  as  tractive  functions, 
which  means  that  they  are  all  movable*  for 
steering  purposes  ana  are  driven  by  the 
engine  power  for  transmission  purposes. 
Inasmuch  as  a separate  brake  is  provided  on 
each  wheel  and  a special  form  of  differential 
is  employed  that  delivers  the  power  to  the 
wheel  having  the  greatest  traction,  it  is  hardly 
possible  for  this  truck  to  become  stalled  in 
mud  or  sand,  and  it  is  practically  impossible 
for  it  to  get  out  of  control.  The  four-wheel- 
drive  principle  is  especially  valuable  if  the 
truck  is  to  be  used  for  hauling  trailers  or  for 
doing  other  drawbar  work. 


Fig.  74.  Truck  chassis  of  medium-duty,  shaft  drive,  H ton  type.  Pneumatic  tires  are  a great  advantage  in  hauling 

eggs,  fruit,  and  other  easily  injured  products 
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A very  popular  form  of  truck  tractor  has 
the  conventional  front-wheel  construction, 
but  has  the  rear  traction  members  in  the  form 
of  2 endless  treads  or  flexible  steel  tracks  pass- 
ing over  wheels  and  therefore  lays  its  own  road 
as  it  goes  along.  These  treads  offer  a much 
larger  area  of  contact  to  support  the  weight, 
and  for  that  reason  they  are  much  better 
suited  for  work  on  soft  ground  than  the  usual 
truck  wheel  would  be.  There  is  considerable 
mechanical  friction,  and  this  form  of  drive 
is  suited  only  to  low-speed  vehicles  intended 


for  use  on  the  field  rather  than  on  the  road. 
Various  attachments  for  the  conversion  of  low- 
priced  pleasure-car  chassis  into  trucks  of 
1,500  to  2,000  pounds  capacity  are  marketed, 
and  when  these  are  used  it  is  possible  to  obtain 
a 1-ton  truck  by  such  conversion  for  less  than 
$700.  These  attachments  can  be  regarded 
only  as  a makeshift,  however,  and  the  con- 
verted job  cannot  in  any  sense  of  the  word  be 
considered  equal  in  strength,  durability,  or  re- 
liability to  specially  designed  trucks  intended 
for  commercial  work  only. 


Fig.  75.  Truck  chassis  built  on  pleasure  car  lines,  for  light  and  relatively  fast  farm  work.  Compare  with  Fig.  76 


The  best  truck  to  buy.  The  best  type  of  truck  for  the  farmer  to  buy  is  one 
built  on  truck-engineering  principles  rather  than  the  types  that  follow  pleasure- 
car  practice.  There  is  a wide  range  of  body  designs  for  the  farmer  to  select  from. 
For  general  use,  the  express-type  body  is  perhaps  the  most  useful,  but  for  trucks 
of  more  than  2 tons  capacity  the  writer  would  recommend  a platform-type  body  to 
which  the  type  of  siding  best  adapted  for  the  work  in  hand  may  be  easily  attached. 
For  certain  work,  such  as  hauling  farm  machinery,  stationary  engines,  etc., 
stakes  would  be  all  that  would  be  needed.  High-rack  sides  or  express-body  panels 
could  be  easily  installed  in  place  of  the  stakes  and  in  the  same  sockets.  The 
former  could  be  used  in  transporting  relatively  light  but  bulky  produce,  while  the 
latter  could  be  used  for  the  heavier  materials  such  as  coal,  fertilizer,  etc.  By 
havingdetachablebows,  as  on  an  army  wagon,  and  by  having  sockets  to  receive  the 
bows  attached  to  the  high  racks  at  the  sides,  it  would  be  possible  to  protect  the 
load  with  a large  tarpaulin  cover  and  transform  the  truck  into  a covered  body 
patterned  after  the  old  prairie-schooner  design.  The  high-rack  sides  are*  also  use- 
ful in  transporting  livestock.  Special  racks  having  a pronounced  outward  flare 
can  be  employed  on  the  common  wagon  bed  and  the  truck  be  made  capable  of 
carrying  a heavy  load  of  hay,  straw,  or  other  material  of  that  nature.  It  will  be 
evident  that  it  is  not  necessary  for  the  farmer  to  purchase  a variety  of  trucks,  as 
by  standardizing  on  a simple  platform-bed  design  and  by  having  various  body 
sides  that  can  be  attached  at  will,  almost  any  combination  can  be  obtained  and 
the  same  truck  used  for  carrying  materials  of  widely  different  nature. 

Instead  of  using  the  lighter  forma  of  pressed-  and  provided  with  liberal  gusset  plates  and 
steel  frames,  as  in  pleasure-car  practice,  the  brace  bars.  The  average  motor  truck  has 
average  motor  truck  employs  steel  I-beams  considerable  overhang  of  the  frame,  as  it  is 
or  channel  sections  which  are  well  braced  by  desirable  not  to  have  too  long  a wheelbase, 
substantial  cross  members  of  the  same  form  and  yet  it  is  not  considered  advisable  to  sacri- 
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fice  on  * the  load-carrying  platform.  While 
the  unit-power-plant  construction,  in  which 
the  change-speed  gearing  and  the  engine  are 
combined  in  1 unit,  is  very  popular  in  pleasure 
cars  and  the  lighter  trucks,  in  practically 
all  trucks  of  large  capacity  the  change-speed 
gearing  is  placed  amidships  or  located  in  such 
a way  as  to  make  possible  the  use  of  shorter 
driving  shafts  than  would  be  the  case  if  the 
gear  box  were  placed  well  forward.  This  con- 
struction is  well  shown  in  the  view  of  the 
large-capacity  chassis  (Fig.  76)  which  also  out- 
lines the  conventional  disposition  of  the  im- 
portant components  and  which  details  the  pro- 
nounced overhang  of  the  rear  end  of  the 
frame. 

Formerly,  chain  drive  was  very  popular, 
but  practically  all  trucks  of  modern  develop- 
ment use  shaft  drive,  the  rear  axle  having  a 
single  worm  and  worm-gear  reduction,  or, 
in  the  composite-axle  type,  the  truck  may 
have  a double-gear  reduction  in  which  the 
primary  reduction  of  speed  is  through  bevel 
gears,  while  the  secondary  speed  reduction 
is  secured  between  spur  pinions  on  the  ends 
of  the  axle  shafts  and  the  large  internal  gears 
attached  to  the  wheels  to  which  the  final  de- 
livery of  power  is  made.  Chain  drive  has 
important  advantages,  one  of  which  is  that  it 
is  possible  to  obtain  different  final  gear  re- 
ductions to  suit  different  operating  positions. 
This  is  a very  difficult  thing  to  do  with  any 
other  form  of  final  drive.  If  a chain-driven 
truck  is  to  be  used  for  carrying  heavy  loads  or 
for  drawbar  work,  it  is  possible  to  reduce  ma- 
terially the  gear  ratio  and  increase  the  draft 
by  substituting  smaller  drive  sprockets  on  the 
truck  countershaft.  If  the  working  condi- 
tions are  less  severe,  and  more  speed  is  de- 
sired, the  small  sprockets  may  be  replaced  by 
larger  ones. 

The  usual  ratio  of  final  drive  on  light 


trucks  is  about  8 
turns  of  the  engine 
crankshaft  for  each 
revolution  of  the 
rear  wheels.  On 
heavy  trucks  the  re- 
duction on  the  direct 
drive  may  be  as  high 
as  16  turns  of  the 
engine  to  1 revolu- 
tion  of  the  rear 
wheel.  In  order  to 
prevent  overs  peed- 
mg,  which  is  detri- 
mental to  the  en- 
durance of  the  truck 
mechanism  and  re- 
sults in  rapid  de- 
preciation of  the 
power  plant,  auto- 
matic governors  are 
fitted  to  the  [engine 
to  restrict  it  to  a 
certain  definite  speed 
which  cannot  be 
exceeded.  On  the 
lighter  trucks  3 for- 
ward speeds  and  1 


reverse  are  con 
sidered  sufficient  in 
the  gear  set,  but  in 
the  change-speed 
gearing  of  heavier 
trucks,  4 forward 


Fig.  76.  Chassis  of 
heavy, . double,  wheeled, 
shaft-driven  farm  or  com- 
mercial truck.  One  of  the 
essentials  of  profitable  truck 
operation  is  good  roads. 


speeds  and,  in  some  cases,  2 reverse  speeds 
Have  been  provided.  The  spring  suspension 
of  practically  all  motor  trucks  is  the  same,  as 
semielliptic  springs  are  used  on  both  front  and 
rear  ends.  This  is  the  simplest  and  strongest 
form  of  spring,  and  it  is  very  easy  by  watch- 
ing the  deflection  of  the  spring  to  determine 
whether  or  not  the  truck  is  overloaded. 


Care  of  the  Truck 

Avoid  overloading  and  overspeeding.  Overloading  and  overspeeding  are  the 
twomostcommoncausesof  rapid  truck  depreciation.  Both  of  these  faults  are  often 
noticed  in  combination,  producing  doubly  injurious  results.  While  most  trucks 
are  designed  to  withstand  a certain  margin  of  overload,  it  is  not  advisable  to  load 
them  beyond  their  capacity,  except  in  an  emergency  when  this  is  unavoidable. 
Overspeeding  is  a result  of  carelessness  and  should  never  be  tolerated.  In  driv- 
ing a truck,  especially  a loaded  one,  the  operator  should  bear  in  mind  that  a very 
large  mass  is  in  motion  and  that  it  cannot  be  easily  stopped  if  a sudden  halt  is  to 
be  made,  and  that  it  should  not  be  allowed  to  attain  high  speed  when  descending 
hills,  as  it  may  get  out  of  control.  Considerably  more  care  and  judgment  is 
needed  in  driving  a truck  than  is  usually  exercised  in  operating  passenger-carrying 
vehicles.  It  should  be  remembered  that  the  load  is  carried  on  stiff  springs  wnich 
cannot  have  any  great  degree  of  flexibility  or  a large  radius  of  action  without 
being  seriously  weakened,  and  that  the  hard  rubber  tires  with  which  most  trucks 
are  provided  do  not  shield  the  mechanism  from  road  shocks  as  much  as  pneumatic 
tires  do  on  the  lighter  vehicles.  This  means  that  when  a truck  is  operated  on 
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rough  or  bumpy  roads  it  must  be  driven  carefully  and  slowly,  if  rapid  depreda- 
tion of  the  mechanism  is  to  be  avoided.  More  trucks  are  worn  out  from  abuse 
than  by  normal  use.  Because  of  the  severe  vibratory  stresses  that  are  present 
in  the  truck  mechanism  it  is  necessary  that  these  be  inspected  very  frequently 
and  any  loose  bolts,  nuts,  or  other  fastenings  be  tightened.  It  is  also  important 
that  lubrication  of  the  chassis  parts  be  carried  out  systematically. 


Lubrication.  The  average  truck  owner  is 
not  apt  to  overlook  the  lubrication  of  his  en- 
gine because,  for  the  most  part,  automatic 
lubricating  systems  are  provided  which  call 
only  for  replenishing  the  oil  supply  from  time 
to  time  on  the  part  of  the  operator.  There  are 
numerous  points  about  the  truck  chassis  that 
are  apt  to  be  neglected.  The  manufacturer 
of  the  truck  has  provided  compression  grease 
cups  at  all  of  the  principal  points,  and  it  is 
important  that  these  be  screwed  down  period- 
ically to  supply  grease  to  the  parts  that  cany 
considerable  load  even  though  the  motion  is 
relatively  slight.  For  example,  beginning  at 
the  front  of  the  truck  one  will  find  grease  cups 
on  the  front  spring  supports  and  on  the  rear 
shackles  of  the  front  springs.  These  are  in- 
tended to  lubricate  the  spring-supporting 
bolts  which  are  subjected  to  a heavy,  con- 
tinuous load  all  the  time  the  truck  is  in  opera- 
tion. It  is  seldom  that  these  points  receive 
adequate  attention,  and  the  result  is  that  the 
bolts  wear  out  very  quickly. 

The  steering  knuckles  on  the  front  axle  and 
the  various  joints  on  the  tiebar  which  joins  the 
two  steering  knuckles  and  those  on  the  drag 
link  which  connects  the  steering  arm  on  the 
front  axle  to  that  of  the  steering  gear,  are  also 
continually  in  action  while  the  truck  is  being 


Fig.  77.  A fifth  wheel  arrangement  can  be  attached 
to  the  chassis  of  either  truck  or  pleasure  car  so  as  to 
provide  motive  power  for  any  number  of  semitrailers 
to  be  used  one  at  a time.  This  enables  one  load  to  be 
hauled  while  another  is  loaded  or  unloaded. 


driven,  and  should  receive  copious  lubrication 
by  screwing  down  the  grease  cups  every  2 or 
3 days  if  the  truck  is  continually  in  service. 
Similarly,  the  rear  spring  shackles  and  shackle 
bolts  need  this  attention.  A number  of  grease 
cups  are  placed  on  parts  of  the  mechanism 
which  are  easily  reached  without  getting  under 
the  truck.  These  should  never  be  neglected; 
they  should,  on  the  other  hand,  be  inspected 
regularly  and  frequently  to  make  sure  that 
the  parts  are  getting  enough  grease.  When- 
ever a more  thorough  inspection  is  made  for 
loose  parts  or  fastenings,  special  care  should 
be  exercised  to  lubricate  the  inaccessible  points 
as  well  as  those  that  are  easily  reached. 

Frequent  inspection.  It  is  desirable  to 
make  a thorough  inspection  of  the  mechanism 
at  least  once  a weak,  if  a truck  is  in  constant 
use.  One  cannot  give  too  much  care  to  the  in- 
spection and  adjustment  of  such  important 
control  elements  as  the  parts  of  the  steering 
system  and  the  brakes.  Brakes  must  be 
kept  properly  adjusted,  so  that  the  truck  can 
be  brought  to  a stop  without  the  expenditure 
of  too  great  effort  on  the  part  of  the  operator. 
At  the  slightest  suspicion  of  depreciation  in 
the  brake  linings  or  in  the  brake-operating 
linkage,  prompt  steps  should  be  taken  to  sup- 
ply new  parts.  It  will  be  advisable  to  lubri- 
cate the  spring  leaves  from  time  to  time,  as, 
if  this  precaution  is  neglected  and  the  springs 
get  rusty,  broken  spring  leaves  will  result. 
Special  tools  are  procurable  for  spreading  the 
spring  plates  apart  when  the  spring  is  relieved 
of  the  truck  load  by  jacking  up  under  the 
frame,  and  the  lubricant,  which  is  graphite 
grease  or  graphite  and  oil,  can  be  introduced 
without  difficulty.  The  change-speed  gear- 
ing, the  differential  casing,  and  the  wheel 
bearings  of  practically  all  [trucks  jare  so 
housed  that  a large  [quantity  of  grease  fenay 
be  packed  in  to  insure  lubrication  for  extended 
periods. 

Shelter.  The  one  point  in  the  care  of  their 
motor  trucks,  tractors,  and  other  farm  ma- 
chinery about  which  nearly  all  farmers  err  is 
in  not  providing  sufficient  protection  from  the 
elements.  Items  of  equipment  that  repre- 
sent considerable  money  outlay  are  allowed 
to  stay  out  in  the  weather,  sometimes  because 
of  lack  of  space  for  their  storage  and  at  other 
times  through  sheer  neglect.  It  is  not  uncom- 
mon for  the  traveler  through  our  agricultural 
sections  to  see  mowing  machines,  nay  rakes, 

Elows,  harrows,  and  similar  farm  machinery 
ying  in  the  fields  at  seasons  of  the  year  when 
they  should  be  under  cover.  The  farmer  who 
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The  motor  cycle  is  a splendid  emergency  work  vehicle,  but  it  often  renders  its  greatest  service 

as  a source  of  pleasure 


While  the  automobile  is  primarily  a pleasure  vehicle  it  often  becomes  invaluable  in  supple- 
menting the  farm’s  work-horse  power 


The  Modern  Motor  Vehicle  Has  Won  Its  High  and  Permanent  Position  in  the 
Farmer’s  Esteem  Because  of  Its  Dual  Purpose  Nature 


tit 


But  here,  as  in  the  automobile,  elasticity  of  usefulness  makes  it  available  for  occasional  field 

work  as  well 

The  Better  the  Farmer  Knows  His  Machines  and  Vehicles,  the  Farther  He  Is  Able 
to  Extend  Their  Range  of  Usefulness 
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does  not  provide  proper  housing:  facilities  for 
his  motor  trucks  will  nave  to  pay  maintenance 
and  repair  charges  out  of  all  proportion  to 
the  work  accomplished  by  the  machines.  An 
automobile  contains  considerable  machinery 
which  may  not  be  exposed  to  the  weather 
with  impunity,  as  serious  trouble  will  develop 
in  the  ignition  and  carburetion  systems  if 
these  become  water-soaked.  Brightly  pol- 
ished metal  parts  will  rust,  and  dampness  will 
cause  corrosion  or  rusting  of  parts  that  will 
not  function  properly  unless  they  are  dean. 

Truck  should  have  spedal  garage.  Any 
farmer  investing  in  a motor  truck  should  pro- 
vide a special  garage  in  which  it  can  be  prop- 
erly cared  for,  and  should  not  house  it  in  any 
shed  or  stable  as  he  has  been  accustomed  to 
do  with  his  other  rolling  stock.  A motor 
truck  must  be  cared  for.  From  costly  experi- 
ences in  the  past,  the  farmer  who  neglects 
his  horses  knows  what  to  expect.  Many  be- 
lieve that  inasmuch  as  a motor  truck  is  ma- 
chinery it  needs  no  care.  It  has  been  stated 
that  the  chores  inddental  to  keeping  a horse 
in  condition  consume  about  half  an  hour  per 
day  per  horse,  which  is  equal  to  about  20 
full,  nine-hour  days  in  a year.  This  same 
amount  of  time  intelligently  spent  in  a 
motor-truck  upkeep  will  enable  the  user 
to  obtain  reliable  service  from  a machine 
that  may  replace  from  3 to  8 horses.  The 
garage  for  the  motor  truck  should  be  well- 


FlG.  78.  Convertible  body  attached  to  a light  truck. 
This  basket  rack  body,  especially  fitted  for  hauling  fruit 
and  truck  crops  has  a one-ton  capacity. 


lighted,  have  a concrete  floor,  be  provided 
with  a workbench  and  a complete  set  of  tools 
for  proper  truck  upkeep,  and  must  be  dry.  If 
the  motor  truck  is  kept  in  such  a workshop 
the  work  of  upkeep  will  be  pleasanter.  If  a 
truck  is  kept  in  a tumbledown,  leaky  shed  or 
outhouse  there  will  be  no  inducement  for  work- 
ing on  it.  Many  odd  jobs  can  be  done  on 
rainy  days,  if  the  truck  is  properly  housed. 
All  of  the  tools  used  in  motor-truck  upkeep 
are  equally  useful  in  the  repair  and  mainten- 
ance of  other  farm  machinery,  so  that  the 
amount  invested  in  a complete  mechanical 
equipment  is  money  well  spent,  and  the  re- 
turns are  usually  large  when  compared  with 
the  investment. 


What  Trailers  Are  and  How  to  Use  Them 

The  capacity  of  any  automobile  can  be  greatly  increased  by  using  a trailer, 
and  on  many  small  farms  the  indispensable  pleasure  car  can  be  utilized  to  good 
advantage  and  made  to  do  useful  work  by  using  it  as  a tractor  for  pulling  a 
trailer.  There  are  3 forms  of  trailers  devised  for  use  with  automobiles.  The 
simplest  of  these  is  the  2-wheel  form  which  can  be  attached  to  the  rear  end  of  any 
pleasure  car  and  which  will  easily  carry  loads  ranging  from  500  to  1,200  pounds. 
The  wheels  are  placed  at  the  centre  of  the  body  and  will  carry  practically  all 
of  the  load,  if  it  is  properly  distributed  so  that  the  towing  tongue  or  fastening 
is  not  loaded  to  any  appreciable  extent.  These  small  trailers  use  artillery-type 
wooden  wheels  with  solid  rubber  tires,  and  good  springs,  so  that  the  trailer  will 
ride  easily.  A small  model,  which  has  a capacity  of  800  pounds,  has  a solid 
panel  body,  51  by  72  inches  with  10-inch  high  sides,  and  a 6-inch  flare  board.  It 
weighs  about  275  pounds.  A 1,200  pound  model  has  a stake  body  4 by  8 feet 
with  removable  side  and  end  gates.  This  larger  trailer  weighs  about  350  pounds. 
In  order  to  facilitate  attachment  automatic  couplers  are  used  which  can  be  at- 
tached or  removed  in  a few  seconds. 

The  semitrailer  type  has  but  2 wheels,  and  cannot  be  used  without  specially 
built  tractors  to  support  the  front  end.  A very  practical  form  of  fifth-wheel 
arrangement  is  marketed  which  may  be  carried  on  the.chassis  of  a light  pleasure 
car  when  the  rear  portion  of  the  body  is  removed,  and  with  this  combination  the 
ordinary  forms  of  farm  wagons  may  be  hauled  by  merely  removing  the  front 
wheels  and  axle  at  the  king  bolt  and  attaching  the  king  bolt  to  the  special  table, 
which  permits  of  universal  action,  carried  on  the  tractor.  Special  automobiles 
of  short  wheelbase  pattern  are  used  and  are  employed  purely  as  a tractor  unit. 
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For  example,  a truck  chassis  that  would 
carry  only  3 tons  will  haul  nearly  twice 
that  weight  if  it  be  employed  as  a semi- 
trailer-tractor combination. 

Another  form  of  trailer  is  a 4-wheel 
type  having  all  wheels  carried  on  steer- 
ing knuckles  so  joined  by  intercon- 
nected levers  and  drag  links  that  the 
wheels  will  track  when  rounding  cor- 
ners. This  is  a very  useful  feature, 
making  it  possible  to  use  several  of 


. these  substantial  trailers  so  that  they 
will  form  a road  train  behind  any  motor  truck  or  tractor  providing  the 
required  draft.  With  this  construction,  the  trailers  carry  all  the  load,  and  the 
towing  truck  is  called  upon  to  carry  only  that  portion  of  the  weight  which  is 
loaded  into  the  body  to  secure  adequate  traction.  In  the  semitrailer  form  it  is 


evident  that  a portion  of  the  load  must  be  supported  by  the  tractor  rear  wheels, 
so  that  what  we  really  have  in  this  combination  is  a 6-wheel  automobile  so 


jointed  in  the  middle  that  the  front  and  rear  may  assume  different  angles  to 
make  steering  easier  or  to  compensate  for  inequalities  in  the  road  surface. 
What  a truck  can  haul.  The  amount  of  load  a truck  can  haul  on  a trailer 


depends  entirely  upon  the  road  conditions,  and  as  a general  thing  it  may  be 
stated  that  any  truck  of  good  design  will  pull  over  reasonably  good  level  highways, 
a loaded  trailer  having  the  same  capacity  as  the  rated  load  of  the  touring  truck. 
Of  course,  on  sandy  roads  or  in  country  where  there  are  many  hills  it  would  not 
be  possible  to  use  a trailer  nearly  as  heavy  as  could  be  employed  under  favorable 
conditions,  and  it  is  conceivable  that  motor  trucks  may  be  employed  under  such 
conditions  that  would  make  it  impossible  to  use  a trailer.  Considerable  judg- 
ment is  needed  in  this  regard,  and  before  purchasing  a trailer  of  the  heavier  types 
it  will  be  well  to  consult  somebody  familiar  with  motor  trucks  to  make  sure  that 
the  truck  mechanism  would  not  be  unduly  stressed  if  a loaded  trailer  were  at- 
tached to  and  drawn  by  the  truck. 

Some  truck  manufacturers  have  provided  towing  hooks  and  drawbar  attach- 
ments and  have  strengthened  the  frame  construction  so  that  traders  may  be 
used  without  injuring  the  towing-vehicle  chassis.  Certain  road  tractors  have 
been  contrived  which  are  designed  especially  for  trailer  work.  Some  have 
winch  attachments  driven  by  the  engine  so  that  they  can  pull  the  loads  slowly 
over  poor  roads  and  over  grades  where  the  truck  would  not  have  sufficient  trac- 
tion to  haul  them  in  the  conventional  manner.  There  is  considerable  difference 
in  the  road  resistance  of  a good  asphalt  or  hard  gravel  road,  which  will  range 


from  25  to  50  pounds  drawbar  pull  per 
ton  to  be  moved,  and  an  ordinary  coun- 
try sand  road,  which  offers  such  resist- 
ance .that  150  pounds  pull  per  ton  is 
needed,  or  a soft  dirt  road  or  one  hay- 
ing sand  2 or  3 inches  deep,  which  will 
necessitate  a drawbar  pull  of  275  to  300 
pounds.  Chain-drive  or  internal-gear, 
double-reduction,  axle-driven  trucks  are 
much  better  adapted  for  towing  trailers 
than  those  provided  with  worm  drive. 


PlG.  80.  A device  for  hitching  up  a number  of  trucks 
or  wagons.  The  esaential  parts  are  shown  in  black. 
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Fig.  81.  The  tractor  Is  not  going  to  replace  the  hone — entirely;  but  when  nearly  as  much  work  as  can  be  done  by 
two  men  and  eight  horses  fas  shown  here)  can  be  done  by  an  outfit  such  as  that  shown  in  Fig.  82  below,  and  in  less 
time,  it  is  fitting  that  the  farmer  should  realise  what  the  machine  has  to  offer 


CHAPTER  6 

The  Farm  Tractor 

By  Raymond  Olnby,  Editor  of  " Power  Farming”  who  was  horn  and  reared  on  a farm  in 
New  York  State  and  later  graduated  from  the  mechanical  engineering  course  of  Cornell  University • 
He  then  spent  a season  on  a tractor  experimental  farm  in  the  Middle  West  as  tractor  operator t at*  | 
tempting  to  determine  to  what  extent  a tractor  is  practical  and  economical  for  general-purpose  farm 
work.  Later  he  took  a post-graduate  course  in  agricultural  engineering  at  the  Iowa  State  College, 
at  which  time  he  was  also  employed  as  assistant  in  agricultural  engineering  of  the  Iowa  Agricultural 
Experiment  Station.  Still  later  he  spent  a year  and  a half  as  power-farming  expert  for  one  of  the 
large  tractor  concerns , and  for  the  past  U years  has  been  engaged  in  farm-paper  editorial  work,  special- 
izing on  the  application  of  mechanical  power  to  farming  operations. — Editor. 

REASONS  for  the  tractor.  There  is  a real  need  on  a very  large  percentage  of 
. American  farms  for  the  farm  tractor.  While  it  is  not  yet  a perfect  machine, 
there  are  several  makes  that  are  giving  satisfaction.  In  spite  of  many  weaknesses 
( which  are  naturally  to  be  expected  in  any  new  machine) , the  tractor  has  proved 
itself  sufficiently  successful  so  far,  and  it  is  quite  generally  recognized  as  having 
come  to  stay.  Machines  are  now  being  purchased  each  year  by  the  tens  of  thou- 
sands, and  this  leads  to  the  conclusion  that  there  is  a great,  actual  need  of  them. 

The  world  need  of  an  unfailing  supply  of  food  has  resulted  in  a need  of  more 
power  to  produce  it ; and,  because  of  labor  and  other  conditions,  farmers  have  been 
forced  in  thousands  of  cases  to  buy  tractors  to  maintain  the  ordinary  volume  of 
production  on  their  farms,  to  say  noth- 
ing of  increasing  it.  The  production  of 
food  in  the  United  States  has  not  kept 
pace  with  the  growth  in  population. 

During  the  past  10  years  our  population 
has  increased  about29  per  cent,  while  the 
production  of  wheat  and  com  has  re- 
mained practically  stationary,  and  that 
of  meat  has  actually  declined.  Thinking 
men  are  beginning  to  recognize  that  me- 
chanical power  in  the  shape  of  the  trac- 
tor is  needed  to  help  farmers  increase 
production  in  proportion  to  the  increased 
need  of  food  by  our  own  population,  as  _ „ _ , 
well  as  that  of  foreign  countries. 
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Fig.  83.  A thoroughly  efficient,  correctly  designed 
tractor,  when  rightly  adjusted,  should  carry  on  its  work 
under  normal  conditions  without  the  need  of  man’s 
guidance. 

The  tractor  and  farm  labor.  Probably 
the  strongest  evidence  of  the  need  of  the  trac- 
tor is  the  solution— partial,  at  any  rate — 
which  it  seems  to  offer  of  the  farm  labor 
problem.  It  is  not  by  any  means  a cure-all 
for  the  labor  shortage,  but  it  has  certainly 
been  the  means  of  bringing  relief  to  a great 
many  farmers.  Since  purchasing  his  tractor, 
a certain  farmer  and  his  son  have  done  the 
farm  work  more  easily  than  ever  before,  and 
without  hired  labor  except  possibly  for  a few 
days  at  rush  times  when  extra  hands  are  al- 
ways needed.  This  experience  is  similar  to 
that  of  thousands  of  tractor  owners. 

The  tractor  makes  it  possible  to  get  along 
with  less  help,  because  with  the  machine 
one  man  can  direct  easily  and  efficiently 
much  more  power  than  he  could  if  he  were 
using  horses.  A tractor  that  pulls  4 plows 
requires  but  one  man  for  plows  and  all.  The 
same  plows  pulled  by  teams  would  call  for 
at  least  2 men,  and  possibly  3 or  4,  depending 
on  whether  the  units  were  of  1 or  of  2 plows 
each.  For  some  jobs,  particularly  harvesting 
grain,  one  man  is  needed  on  the  tractor  and 
one  on  the  implement  or  machine  that  is 
being  hauled — in  other  words,  an  extra  man 
is  required.  But  this  extra  labor  is  being 
gradually  rendered  unnecessary,  by  improved 
attachments  which  enable  the  operator  to 
drive  the  tractor  from  the  seat  of  the  imple- 
ment being  used. 


Fig.  84.  The  tractor  may  be  used  in  harvesting  a 
crop — 


The  supply  of  horses  and  mules  in  this 
country  has  been  depleted  to  some  extent 
by  the  World  War,  ana  this  together  with  the 
greatly  increased  demands  upon  farmers  for 
greater  production,  is  revealing  the  fact  that 
not  only  do  we  not  have  enough  animals 
to  supply  the  needed  power,  but  also  that 
they  cannot  be  produced  fast  enough  for  this 
purpose.  Aside  from  this,  work  animals 
the  country  over  have  increased  in  price 
to  a considerable  extent;  also,  it  costs  much 
more  to  keep  a horse  now  than  it  did  a few 
years  ago. 

On  the  other  hand,  the  cost  of  a tractor 
and  the  expense  of  operating  it  compare  very 
favorably  with  animal  power.  In  some  cases 
it  has  proved  much  more  expensive  than 
horses,  while  in  others  it  has  been  cheaper. 
The  expense  varies,  depending  on  a great 
many  conditions.  An  advantage  of  the 
tractor,  particularly  at  a time  when  there 
is  an  unprecedented  demand  for  farm  prod- 
ucts, is  that  it  can  be  produced  quickly 
in  large  numbers;  the  annual  output  is  even 
now  reckoned  in  tens  of  thousands. 

The  tractor  and  better  farming.  Farmers 
who  own  tractors,  with  but  compara- 
tively few  exceptions,  are  agreed  that  the 


Fig.  85.  —And  then  hitched  up  as  a stationary  engine 
to  shred,  thresh,  or  bale  it 


machine  enables  them  to  do  better  farming. 
There  have,  of  course,  been  many  miser- 
able failures,  but  these  were  not  due  entirely 
to  the  tractor.  It  is  a fact  that  a suitable 
machine  in  the  hands  of  a good  manager  will, 
especially  in  such  work  as  plowing  and  pre- 
paring the  seedbed,  do  better  work  than  is 
possible  with  teams.  If  one  is  careful  to  get 
a machine  that  has  plenty  of  power  for  tne 
number  of  plows  used  with  it,  he  can  plow 
deeper  than  he  would  care  to  with  horses. 
In  disking  and  fitting  the  ground  for  a crop, 
which  is  usually  horse-killing  work,  the  im- 
plements may  be  adjusted  and  operated  to 
do  the  work  as  it  should  be  done  without 
having  to  fear  that  the  tractor  is  being  over- 
worked, provided,  of  course,  it  is  not  over- 
loaded. 

It  is  not  alone  the  concentration  of  power 
in  the  tractor  that  enables  one  to  do  better 
farm  work  with  it.  The  fact  that,  as  a rule, 
the  machine  permits  of  doing  the  work  at  the 
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right  time,  when  soil,  weather,  or  crop  condi- 
tions are  Just  right,  is  a still  more  important 
factor.  The  work  can  be  done  at  the  right 
time,  because  the  tractor  usually  works  faster, 
in  all  kinds  of  weather,  than  horses,  and, 
where  desirable,  it  can  be  worked  night  and 
day  by  providing  two  shifts. 

While  the  farmer  may  be  able  to  do  better 
farming  with  a tractor,  the  fact  that  it  supplies 
no  manure  with  which  to  keep  up  the  fertility 
of  his  land  must  not  be  lost  sight  of.  Further- 
more, the  wear  and  tear  on  implements  used 
with  a tractor  is  greater  than  with  horses. 
These  are  important  factors  that  prospective 
tractor  buyers  must  consider. 

Tractor  enthusiasts  have  a great  deal  to 
say  about  the  tractor  permitting  the  farmer 
to  handle  a larger  acreage  with  the  same 
amount  of  labor.  While  this  can  be  done 
successfully  under  good  management,  in 


Fig.  86.  A small  tractor  is  a great  help  in  caring  for 
farm  roads 


Fig.  87.  Disking  and  seeding  at  one  operation  means 
maximum  results  just  when  they  are  most  essential 


not  a few  instances  the  attempt  has  resulted 
in  disaster.  Under  no  circumstances  should 
it  be  undertaken  if  it  involves  lowering  the 
quality  of  the  work  done,  which  too  often 
has  been  the  case. 

The  tractos  and  larger  farms.  It  is 
true,  however,  that  already  the  tractor  has 
resulted  in  a tendency  toward  larger  farms. 
In  this  connection  a statement  of  Arnold  P. 
Yerkes,  assistant  agriculturist  in  the  United 
States  Department  of  Agriculture  in  charge 
of  tractor  investigations,  is  of  interest.  He 
says:  “The  introduction  of  labor-saving 
machines  has  a tendency,  other  things  re- 
maining equal,  to  increase  the  size  of  our 
farms.  This  has  always  been  true  in  the 
past  and  undoubtedly  will  be  true  in  the  fu- 
ture. Our  investigations  show  that  the 
tractor  is  having  a decided  influence  in  this 
direction.  A large  percentage  of  farmers, 
after  purchasing  a tractor,  increase  the  size 
of  their  farms  to  a very  considerable  extent.” 


Tractor  and  the  Horse 

Much  as  the  tractor  is  needed  on  a very  large  percentage  of  farms,  the  time 
will  probably  never  come  when  horses  will  cease  to  be  needed  to  do  farm  work. 
In  other  words,  the  tractor  has  come  to  supplement  animal  power,  not  to  displace 
it.  There  will  no  doubt  be  farms  where  horses  can  be  dispensed  with  practically 
entirely;  but  these  will  be  very  few,  and  they  will  not  be  farms  where  a diversity 
of  crops  is  grown. 

There  is  need  for  both  the  horse  and  the  tractor  on  most  farms,  as  there  is 
work  for  which  one  is  better  suited  than  the  other.  There  are  certain  kinds  of 
work,  especially  the  light  jobs,  in  which  a team  of  horses  is  more  flexible  or  other- 
wise better  adapted  than  tractors  as  at  present  designed.  In  such  work  as  plant- 
ing and  cultivating  rowed  crops,  and  in  haying  operations,  such  as  mowing,  ted- 
ding, and  raking,  horses  are  more  suitable  than  most  tractors;  although  there  are 
a few  machines  on  the  market  which  are  specially  designed  for  the  purpose,  and 
which  are  proving  very  successful,  par- 
ticularly for  planting  and  cultivating. 

The  improvement  in  these  machines 
has  been  rapid,  and  where  any  consider- 
able amount  ol  cultivating  is  to  be  done 
they  will  prove  strong  competitors  of 
the  horse. 

But  even  with  new  designs  of  trac- 
tors that  are  practical  and  economical  for 


Fig.  88.  The  caterpillar  type  is  especially  valuable 
for  fitting  low,  moist,  soft  land  earlier  than  horses 
could  perhaps  work  on  it. 
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Fig.  89.  This  tractor  and  this  team  are  hauling  the  same  amount  of  machinery,  but  the  tractor  can  haul  it  for 
a longer  time,  can  drive  other  kinds  of  machines  between  harrowing  jobs,  requires  far  less  space  and  care 
when  not  in  use  and,  ordinarily,  will  work  day  after  day,  in  any  weather  without  needing  rest. 


light  work,  there  is  still  a place  on  the  farm  for  the  horse,  for  even  in  the  case  of 
tasks  to  which  a tractor  is  suited,  it  is  not  good  economy  to  use  it  for  light  work 
that  teams  will  do  just  as  easily,  cheaply,  and  quickly,  inasmuch  as  the  teams 
have  to  be  fed  and  cared  for  whether  they  are  worked  or  not.  while  the  tractor 
consumes  fuel  and  oil  only  when  it  works. 

Advantage  of  tractor  over  horse.  Where  the  tractor  has  a distinct  advantage 
over  the  horse  is  in  heavy  work;  and  one  of  the  greatest  things  that  can  be  said 
in  its  favor  is  that  it  is  a very  practical,  effective  means  of  relieving  horses  of  the 
drudgery  of  farm  work.  Frequent  stops  for  rest  are  always  necessary  in  plowing 
and  other  heavy  work  when  teams  are  soft  in  the  spring  or  when  the  weather  is 
hot.  But  with  a tractor  these  are  not  requisite;  for  the  machine  never  gets  tired, 
and,  if  the  work  has  to  be  rushed,  the  engine  can  be  worked  20  hours  a day  as 
well  as  10.  The  special  advantage  in  this  is  that,  when  putting  in  a crop,  for 
example,  the  owner  of  a tractor  can  make  the  most  of  favorable  soil  and  weather 
conditions  by  working  his  outfit  double  time. 

If  on  every  farm  there  were  kept  as  many  horses  as  were  required  to  furnish 
sufficient  power  at  certain  rush  times,  on  the  average  farm  there  would  be  several 
head  more  than  would  be  needed  most  of  the  time.  Except  for  a few  weeks  each 
year,  these  extra  horses  would  be  an  expense  to  the  owner.  It  is  the  fact  that 
more  power  is  needed  on  most  farms  than  is  available,  and  here  is  where  the  trac- 
tor has  solved  many  a perplexing  problem.  The  tractor  takes  the  place  of  these 
extra  horses,  and  while  not  working  it  is  no  expense  to  the  owner.  An  Indiana 
farmer  on  being  asked  how  many  horses  his  tractor  displaced,  said:  "None  at  all. 
I did  not  buy  it  with  that  purpose  in  view.  I wanted  it  to  take  the  place  of  those 
animals  I did  not  have  and  which  I seriously  needed,  especially  for  the  short, 
heavy  season  of  spring  plowing  and  fitting  the  ground  for  seeding.” 

The  following  is  from  a summary  of  reports  received  by  the  United  States 

• Department  of  Agriculture  from  200 
Illinois  tractor  owners,  and  represents 
the  general  opinion  on  the  relative  use- 
fulness of  horse  and  tractor: 

"The  tractor  has  not  displaced 
horses  to  the  extent  commonly  ex- 
pected by  purchasers,  but  its  greatest 
advantage  lies  in  the  fact  that  it  does 


Fig.  90.  Showing  the  bulk  of  a year’s  feed  for  8 horses, 
compared  with  that  of  a year’s  me 1 for  a typical  8-16  oil 
tractor.  (International  Harvester  Co.) 


the  heavy  work  quickly,  and  thus  com- 
pletes it  within  the  proper  season,  since 
it  places  at  the  farmer's  command  a 
large  amount  of  power  when  needed.” 


Digitized  by  v^.ooQle 


THE  FARM  TRACTOR 


59 


!£3 

kh 

SKSfl i 

I7T1 

m 

■1 

■1 

■un 

031 

UM 

cm 

=32 

■i 

■ 

tjh 

— 

—* 

55 

■ 

un 

= 

■= 

=3 

■1 

non 

— 

- - 

— a 

■4 

■1 

■ 

rm 

— : 

EEEE 

= 

M 

■ 

■ 

=5 

m 

Hi 

Hi 

m 

■ 

«EF 

1 

m 

■1 

Tim 

El; 

21 

n 

JH 

■ 

rwi 

= 

EEE 

555 

“■ 

H 

D33 

— 

— 

mA 

■ 

■ 

■ 

■ 

The  tractor  and  the  horse-raising 
industry.  Because  the  tractor  can  re- 
lieve the  horse  of  the  drudgery  of  farm 
work,  and  do  this  work  better,  quicker, 
and  cheaper,  many  have  felt  that  it 
will  have  a tendency  to  injure  the 
horse-breeding  industry.  On  the  con- 
trary, there  is  evidence  that  the  trac- 
tor is  tending  to  stimulate  the  produc- 
tion of  good  horses.  In  many  cases 
the  combination  of  a tractor  and  brood 
mares  for  use  on  a farm  has  proved  a 
practical  and  profitable  one;  the  trac- 
tor relieves  the  mares  of  the  heaviest 
farm  work  and  makes  possible  the  rais- 
ing of  better  colts.  Horses  are  money- 
makers for  fanners;  they  are  not  a 
dead  expense,  as  some  tractor  enthusi- 
asts would  have  the  public  believe.  There  is  no  reason  to  suppose  that  the 
home  will  not  continue  to  be  an  important  source  of  farm  power. 

The  tractor  has  its  advantages  over 
the  horse,  and  vice  versa.  It  is  not 
subject  to  death,  and  if  it  breaks 
down,  it  can  be  replaced  piecemeal  for 
a time.  Yet  it  cannot  reproduce  it- 
self as  does  the  horse,  nor  convert  the 
products  of  the  farm,  cheap  roughage 
as  well  as  grain,  into  power  and  fertility. 
The  tractor  has  not  yet  reached  the 
stage  where  it  is  as  reliable  as  the  horse. 


Fig.  91.  How  hone  labor  is  distributed  on  a typical 
200-acre  com  belt  farm.  Though  the  use  of  the  team 
majr  be  limited  by  weather,  etc.,  its  upkeep  continues 


with  little  or  no  reduction.  (Fanners' 


719.) 


8 Horses 
In  one  year 


8-16  oil  1 
in  100  days 


Fig.  92.  8,000  horse  power  hours  can  be  delivered 
by  8 horses  in  one  year;  and  by  an  8-16  oil  tractor  in 
100  days.  On  this  basis 


possible. 


alone,  there  is  but  one  choice 
(International  Harvester  Co.) 


Conditions  that  Make  the  Tractor  Practical  and  Economical 


The  natural  question  of  most  men  considering  the  purchase  of  a tractor  is; 
When  is  it  practical  and  economical  to  own  one?  There  are,  of  course,  a number 
of  conditions,  any  one  of  which  might  justify  the  buying  of  a machine.  But  in 
most  cases  it  is  the  need  of  more  power  that  first  raises  the  question  of  whether 
to  buy  or  not  to  buy.  Whether  this  need  and  several  others  will  warrant  invest- 
ment in  a tractor  is  a matter  that  the 


farmer  must  decide  for  himself. 

The  over-enthusiastic  tractor  sales- 
man may  advise  selling  off  some  of 
the  horses  on  the  farm  to  help  pay  for 
the  tractor.  This  may  not  be  the  wise 
thing  to  do,  especially  if  the  tractor  is 
being  bought  to  furnish  additional 
power.  Displacing  some  of  the  horses 
is  not  necessarily  essential  to  make 
the  tractor  practical  and  economical. 

On  most  farms  there  are  none  too 
many  horses  in  the  first  place,  and  the 

Eroblem  of  extra  power  may  be  solved 
y buying  a tractor.  However,  if  the 


Fig.  93.  A two-row  tractor  cultivator,  capable  of 
considerable  speed  variation  and  careful  work  along  the 
crop  rows. 
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tractor  is  adapted  to  a variety  of  work  and  will  furnish  cheaper  power,  some  of 
the  horses  may  be  dispensed  with.  Conditions  vaiy  so  widely  on  different 
farms  that  it  is  impossible  to  lay  down  any  hard  and  fast  rule  on  this  point 


Pic.  94.  Testing  out  a tractor  to  show  its  flexibility 
and  resistance  to  unusual  strain 


Labor  shortage.  A shortage  of  labor 
might  decide  the  question  of  the  economy 
of  buying  a tractor,  especially  on  the  larger 
farms.  If  it  were  impossible  to  get  sufficient 
help  to  handle  the  teams,  one  man  and  a 
tractor  outfit  could  take  the  place  of  several 
men  and  teams,  especially  for  such  work  as 
plowing,  harrowing,  and  seeding;  and  instead 
of  curtailing  his  farm  operations,  this  arrange- 
ment might  even  enable  the  farmer  to  extend 
them,  fi  the  tractor  should  enable  the  farmer 
and  his  family  to  do  as  much  work  or  more 
at  less  expense  than  when  he  relied  upon  hired 
help  and  horses  entirely,  it  would  be  an  eco- 
nomical investment  for  him. 

Size  of  farm.  For  a tractor  to  be  prac- 
tical and  economical,  the  farm  must  be  of 
sufficient  size  to  make  it  pay,  and  the  lay  of 
the  land  must  be  suitable  for  tractor  use. 
Some  farmers  have  found  that  they  can  make 
a tractor  pay  on  50  acres,  but  such  cases  are 
very  few.  Other  tractor  owners  are  of  the 
opinion  that  a farm  should  be  from  200  to 
300  acres  in  extent  to  make  power  farming 
pay.  The  power  re- 
quirement and  many 
other  conditions  are 
so  variable  on  differ- 
ent farms,  that  it 
would  be  impossible 
to  say  that  one  must 
have  a certain,  defi- 
nite acreage  under 
cultivation  to  make 
a tractor  a profitable 
investment.  If  on 
any  farm  consider- 
able additional 
power  is  needed,  and 
if  the  tractor  can  be 
used  on  an  average 
100  days  a year,  or 
close  to  that,  other 
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Pig.  95.  Tractor  hitch  for  2 
plows  and  a peg-tooth  harrow 
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Fig.  96.  For  2 plows  and  a 
disc  harrow 


conditions  being  fa- 
vorable, it  is  pretty 
safe  to  say  that  the 
employment  of  the 
machine  will  prove 
both  practical  and 
economical. 

Many  farmers 
have  bought  tractors 
more  for  the  novelty 
of  the  thing  than 
anything  else,  and 
the  result  has  been 
failure.  Buying  a 
tractor  means  a big 
investment  for  the 
average  man,  and 
under  no  circum- 
stances should  he  put  his  money  into  one 
unless  he  is  sure  that  he  can  make  it  pay 
—and  pay  better  than  farming  with  horses 
alone. 

A tractor  is  neither  practical  nor  economical 
on  a farm  that  is  very  hilly.  Just  how  hilly 
a farm  has  to  be  to  make  it  impractical  can 
usually  be  found  out  quickly  enough  by  trying 
the  tractor  out  on  the  hills  before  the  pros- 
pective purchaser  places  his  order. 

One  of  the  principal  objections  to  most 
tractors  is  that  they  do  not  have  enough 
reserve  power.  They  will  pull  their  stipulated 
number  of  plows  very  satisfactorily  on  level 
ground,  but  when  they  come  to  a grade,  the 
pull  required  is  increased  considerably,  and 
the  load  may  become  so  great  as  to  make  it 
necessary  to  pull  out  a plow  or  two.  The 
power  required  in  a tractor  to  do  good  work 
on  hilly  ground  may  be  so  great  that  it  would 
not  be  practical  to  attempt  to  use  one.  Also, 
the  hills  may  be  so  steep  that  it  would  be 
impossible  to  use  a tractor  owing  to  the 
difficulty  of  keeping  it  right  side  up.  An- 
other problem  in  this  connection  which  tractor 
designers  have  not 
yet  entirely  solved 
is  the  proper  type  of 
wheel  lug  that  will 
effectively  prevent 
tractors  from  slip- 
ping sideways  when 
used  on  hills,  al- 
though the  track- 
laying or  caterpillar 
type  of  machine  has 
proved  very  success- 
ful in  this  respect. 

Type  of  farming. 

The  type  of  farming 

followed  will  deter-  

mine  to  some  extent  97  p**.  2 disc  and  2 
whether  or  not  one  peg-tooth  harrows 
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would  be  justified  in  purchasing  a tractor. 
As  a general  rule,  where  there  is  a considerable 
amount  of  plowing  and  other  heavy  work, 
to  which  a tractor  is  well  adapted,  and 
provided  other  conditions  are  favorable,  it  is 
Bafe  to  say  that  a tractor  can  be  made  an 
economical  investment. 

When  the  tractor  first  came  into  use  to  any 
noticeable  extent,  it  was  used  almost  entirely 
on  the  large  grain  ranches  of  the  West.  For 
the  most  part,  the  tractor  (and  this  includes 
also  the  larger  machines)  is  better  suited  to 
grain  growing  than  any  other  type  of  farming. 
This  is  due  principally  to  the  fact  that  the 
types  of  tractors  developed  thus  far,  can, 
with  but  few  exceptions,  be  easily  adapted 
to  practically  all  of  the  implements  and 
machines  needed  in  grain  farming.  Suitable 
engine-gang  plows  have  been  developed, 
and  by  means  of  hitches  designed  especially 
for  the  purpose,  discs,  drills,  binders,  etc., 
can  be  conveniently  and  satisfactorily  used 
with  a tractor.  In  fact,  there  are  scarcely 


any  operations  connected  with  grain  farming 
that  the  machine  will  not  perform  economi- 
cally. The  writer  has  even  used  it  for  hauling 
bundles  from  the  shock  to  the  thresher. 

In  the  case  of  general  farming,  while  there 
are  more  limitations  in  the  use  of  the  tractor 
than  in  grain  farming,  whether  or  not  it 
would  be  economy  for  a farmer  to  own  one 
would  depend  upon  several  conditions,  prin- 
cipal of  which,  as  pointed  out  above,  is  the 
possibility  of  using  it  for  a variety  of  opera- 
tions and  keeping  it  busy  a reasonable  number 
of  days  each  year. 

One  of  the  chief  complaints  that  farmers 
operating  small  to  medium-sized  farms  make, 
with  respect  to  most  designs  of  general- 
purpose  tractors,  is  that  they  are  not  adapted 
to  the  cultivation  of  rowed  crops.  This  is  a 
serious  disadvantage  in  a great  many  cases. 
In  view  of  this  limitation,  the  man  who  is 
considering  the  purchase  of  a tractor  must 
have  sufficient  work  aside  from  cultivating 
to  make  it  profitable  before  he  decides  to 
invest.  The  tractor  will,  in  many  cases, 
under  these  conditions,  relieve  the  teams  of 
other  work,  so  that  they  can  be  kept  busy 


cultivating  most  of  the  time,  at  least  when 
cultivation  is  necessary. 

Though  there  are  some  makes  of  small 
tractor  that  are  well  adapted  to  cultivating, 
'a 8 well  as  plowing  and  other  general  farm 
work,  there  & still  considerable  doubt  whether 
a tractor  that  gives  maximum  satisfaction  for 
general  work  can  be  equally  satisfactory  for 
cultivating. 

For  a tractor  to  be  practical  and  economical 
for  fruit  farming,  the  principal  consideration 
is  suitability  of  type.  The  machine  must 
be  built  low,  so  that  it  can  work  fairly  close 
to  the  trees,  and  pass  under  the  branches 
without  doing  serious  damage.  The  fact 
that  the  tractor  can  be  used  very  satisfactorily 
with  discs  and  other  types  of  harrow  makes 
it  a very  practical  machine  for  orchard 
cultivation.  If  it  is  properly  designed,  it  will 
work  among  the  trees  to  much  better  advan- 
tage than  teams. 

The  owner  and  operators.  All  other 
conditions  being  favorable,  if  the  owner  is 
not  a fairly  good 
hand  with  machin- 
ery, or  if  he  is  a poor 
manager,  the  tractor 
is  quite  apt  not  to  be 
an  economical  in- 
vestment for  him. 

With  the  right 
management,  how- 
ever, there  is  proba- 
bly only  a very 
small  percentage  of 
farms  in  this  coun- 
try, on  which  a trac- 
tor will  not  eventu- 
ally be  both  practical 
and  economical. 

While  the  present- 
day  machines  are 
profitable  invest- 
ments for  a large 
number  of  farmers, 
there  is  needed  a 
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Fig.  101.  Hitch  for  2 
spring-tooth  and  2 peg-tooth 
harrows. 
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S\  \ i i -II  m I - 1 of  the  tractor  to  the 

1 ' ' ' established.  Butthe 

/ \oraw£1S/  \ limiting  factor  m any 
./  ..  . \ - / . case  is  the  “man  be- 
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Fig.  101.  Hitch  for  2 nn  ti.p  marw  have 
spring-tooth  and  2 peg-tooth  Pn  ^oe  marKet,  nave 
harrows.  been  highly  success- 

ful in  their  power- 
farming  operations,  while  others  with  the 
best  machines  obtainable  have  failed  com- 
pletely. 

The  farmer  who  is  on  the  point  of  buying 
a tractor  must  remember  that  it  is  very  differ- 
ent from  the  ordinary  run  of  machines, 
and  that  to  get  even  fairly  good  service  out 
of  it  requires  more  intelligent  care  and  opera- 
tion than  with  any  other  piece  of  farm  equip- 
ment. This  is  due  to  some  extent  to  the 
fact  that  tractors  are  still  in  the  early  stages 
of  development;  as  they  are  improved  they 
will  become  more  reliable  and  require  less 
attention.  Herein  lies  the  reason  why  run- 
ning a tractor  is  not  a job  for  either  a young 
boy  or  an  inexperienced  man.  On  many 
farms  the  owner  himself  or  a grown  son  will 
handle  the  tractor,  and  if  he  nas  taken  the 
pains  to  get  the  instruction  necessary  to 
nandle  it  properly,  he  should  have  very  little 


difficulty,  provided 
the  machine  is  a good 
one. 

On  the  other  hand, 
a large  number  of 
farmers  must  depend 
von  hired  help  to  run 
their  tractors,  and  in 
many  cases  this  help 
will  be  extremely  in- 
competent. Under 
such  conditions,  the 
purchase  of  a trac- 
tor may  be  of  ques- 
tionable advantage, 
for  SUOCess  with  it  is  FlG.  102*  A tandem  hitch 
not  to  be  had  with-  and  p*-*°°* 

out  efficient  opera- 
tion. An  incompetent  laborer  may  abuse  a 
team  and  still  get  fairly  good  work  out  of  it, 
but  to  abuse  or  neglect  a tractor  usually 
means  disaster  at  the  very  start. 

“Is  the  tractor  a practical  and  economical 
investment  for  the  tenant  farmer?”  is  a Ques- 
tion that  is  often  asked.  As  a general  tning 
it  can  be  answered  in  pretty  much  the  same 
way  as  for  men  who  own  their  farms,  as 
outlined  in  preceding  paragraphs.  If  one 
is  a good  manager  and  not  m that  class  of 
renters  who  change  their  location  every  year 
or  so,  and  if  other  conditions,  such  as  size  of 
farm,  type  of  farming,  lay  of  land,  financial 
standing,  and  so  forth,  are  favorable,  he  will 
probably  find  a tractor  a paying  investment. 
But  if  it  is  necessary  for  the  farm  owner  to 
consider  very  thoroughly  every  angle  of  the 
proposition  before  buying  a tractor,  it.  is 
douoly  so  for  the  renter. 


Putting  the  Tractor  to  Work 


One  of  the  questions  that  the  farmer  will  probably  ask  before  buying  his  trac- 
tor is,  what  kind  of  work  will  it  do  on  my  farm?  As  already  pointed  out,  the 
extent  to  which  it  can  be  adapted  to  different  operations  will,  of  course,  determine 
whether  or  not  it  will  be  a profitable  investment.  To  give  one  who  is  thinking  of 
buying  a tractor  an  idea  of  what  can  be  done  with  one,  the  following  list  of  the 
more  important  uses  to  which  tractors  have  already  been  put,  should  be  helpful: 


Plowing 

Disking 

Hauling  harrowB 
Soil  packing 
Leveling  land 
Seeding 

Planting  and  listing  com 
Cultivating  rowed  crops 
Hauling  com  binders  and  pickers  and  silage 
harvesters 
Filling  silos 

Husking  and  shredding  and  shelling  com 
Grinding  feed 
Cutting  fodder 

Planting  and  digging  potatoes 
Mowing 


Raking,  tedding,  loading,  and  hauling  hay 

Hoisting  and  baling  hay 

Hauling  grain  binders  and  headers 

Combined  harvesting  and  threshing 

Hauling  sheaves  to  thresher 

Driving  grain  separator 

Elevating  grain 

Hulling  clover  and  alfalfa 

Threshing  beans 

Road  hauling 

Grading,  rolling,  and  dragging  roads 
Driving  lime  pulverizers  and  concrete  mixers 
Hauling  lime  spreaders  and  manure  and  straw 
spreaders 
Harvesting  beets 
Clearing  land 
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Sawing  wood 
Logging 

Driving  sawmills 
Pulling  fence  posts 
Stretching  wire  fence 
Digging  and  filling  ditches 
D ruling  wells 


Pumping  water 

Moving  Duildings 

Driving  the  farm  powerhouse 

Hauling  spray  rigs 

Excavating  for  basements,  pits,  etc. 

Digging  nursery  stock 

Drilling  holes  for  blasting. 


Tractors  have  actually  performed  all  the  operations  in  the  above  list,  and  in  a 
satisfactory  manner  as  far  as  the  mechanical  operation  itself  is  concerned.  This 
does  not  mean,  however,  that  each  one  was  necessarily  a success  from  an  eco- 
nomical standpoint.  Very  often  tractor  owners,  and  especially  the  more  irrespon- 
sible members  of  the  farm  force,  will  use  the  tractor  for  work  that  a team  would 
do  more  easily  and  more  economically. 

In  going  over  the  list  of  uses,  one  tractor  owner  will  decide  that  it  is  best  to 
do  certain  operations  with  teams  and  others  with  the  tractor,  while  another  owner 
may  decide  differently.  Just  how  far  the  individual  owner  can  go  in  adapting 
his  machine  to  a variety  of  work  varies  with  conditions,  and  this  is  a problem  that 
depends  largely  upon  his  own  initiative  for  solution.  This  is  not  so  important, 
however,  as  it  is  to  know  that  the" 
machine  will  perform  practically  and 
economically  a few  of  the  more  impor- 
tant operations,  such  as  plowing,  disk- 
ing, harrowing,  seeding,  packing,  har- 
vesting, threshing,  etc. 

The  tractor  for  plowing.  Plowing 
is  by  far  the  hardest  of  all  farm  work 
for  horses,  and  it  is  the  sort  of  drudgery 
for  which  most  farmers  need  a tractor. 

In  view  of  this,  it  is  indeed  fortunate 
that  on  the  whole  the  tractor  is  better 

adapted  to  plowing  than  any  other  ns,  103.  A wheel  and  axle  hitch  for  four  seedera  or 

farm  operation.  It  is  also  a fact  that  other  similar  machines 

a good  tractor  outfit  in  the  hands  of  a capable  man  will,  almost  without  excep- 
tion, do  a much  better  job  of  plowing,  ana  do  it  in  less  tune  and  at  less  expense, 
than  horses.  This  advantage  of  the  tractor  is  realized  by  power  farmers  more 
when  plowing  for  winter  wheat  or  in  the  spring  when  the  season  is  late  and  the 
work  is  rushed.  It  is  entirely  conservative  to  say  that  there  is  a fairly  large 
percentage  of  farms  in  this  country  on  which  a tractor  would  be  a profitable 
and  economical  investment  if  used  for  plowing  alone. 

To  get  the  most  out  of  his  investment,  however,  a farmer  should  not  be  satis- 
fied with  maintaining  a single-purpose  machine,  or  one  for  which  only  a few  uses 
can  be  found  at  the  most.  The  tractor  should  be  put  to  work  at  as  many  differ- 
ent tasks  as  it  will  perform  quicker,  easier,  and  cheaper  than  horses. 

It  is  well  before  buying  a tractor  to  make  a study  of  the  field  and  belt-power 
operations  on  one’s  farm  that  require  power  for  their  performance,  and  decide 
as  far  as  possible  how  many  of  them  can  be  done  best  with  the  tractor.  With 
these  different  operations  in  mind,  it  will  be  easier  to  select  a type  and  size  of 
machine  that  will  be  suited  to  one’s  needs.  As  tractors  become  more  generally 
used  and  as  methods  of  using  them  are  improved,  the  selection  of  the  right  ma- 
chine will  gradually  become  less  difficult. 

In  view  of  the  ract  that  farming  with  a tractor  is  very  new,  relatively  speaking, 
the  progress  that  many  owners  have  already  made  in  successfully  putting  then* 
tractors  to  different  lands  of  work  is  remarkable.  For  example,  a farmer  in 
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Cherokee  County,  Iowa,  says:  “I  have  done  everything  on  my  farm  with  my  trac- 
tor, except  planting  and  cultivating  com.  and  the  quality  of  work  in  each  instance 
was  better  than  that  done  with  horses/*  A farmer  in  La  Salle  County,  Illinois, 
uses  his  tractor  for  doing  practically  all  kinds  of  field  work  (also  excepting  plant- 
ing and  cultivating  com) , and  he  says  that  he  can  do  it  to  far  better  advantage 
than  he  could  with  horses.  His  engine  enables  him  to  work  faster,  or  to  work  on 
plowed  ground  with  a disc  and  harrow,  which  is  killing  work  for  horses.  This 
man  has  found  by  experience  that  there  are  some  things  a tractor  is  not  capable 
of  doing  well.  He  considers  it  should  be  used  only  for  doing  those  things  which  a 
horse  should  not  be  called  upon  to  do  anyway,  that  is,  the  heavy  work  on  the  farm. 

Another  Illinois  farmer  who  has  used  a tractor  4 years,  says:  'The  tractor  is 
capable  of  doing  a great  deal  more  work  than  is  commonly  supposed.  If  it  did 
nothing  more  than  merely  plow  the  ground,  the  great  burden  would  be  lifted 
from  the  horse,  and  would  leave  him  much  fresher  and  better  able  to  do  the  re- 
maining work  of  preparing  the  seedbed,  planting,  sowing,  cultivating,  and  so  on/* 
Right  along  this  line  an  Ohio  power  farmer  says:  "A  farmer  who  does  not  own  a 
tractor  can  scarcely  have  any  idea  of  the  many  uses  one  can  find  for  it.  I would 
be  completely  lost  now  on  a medium-sized  farm  without  my  engine.” 


Field  Uses  for  the  Tractor 

Fitting  and  seeding.  Some  farmers  after 
plowing  their  land  with  the  tractor  use  their 
teams  for  disking  and  putting  it  in  shape 
for  seeding  or  planting,  while  others  use  the 
tractor  for  both  fitting  the  ground  and  seed- 
ing. If  there  is  other  more  important  work,  or 
work  that  the  tractor  can  do  easier  and  better 
than  teams,  or  if  there  is  not  a great  amount 
of  seeding  to  be  done,  and  if  the  teams  need 
exercise  and  the  work  is  not  too  hard,  it  may 
be  more  desirable  to  use  them  for  fitting  and 
seeding.  Again,  if  the  land  is  very  hilly  or 
if  the  fields  are  so  small  and  iiTegular  in  shape 
as  to  require  frequent  turning,  it  may  be 
preferable  to  do  the  fitting  and  seeding  and 
the  plowing  as  well  with  teams.  As  a general 
thing,  however,  land  that  can  be  plowed 


more  easily  and  economically  with  a tractor 
than  with  horses  can  usually  be  fitted  and 
seeded  more  economically  with  the  tractor. 
One  of  the  principal  objections  at  first  to  its 
use  for  this  purpose  was  that  it  packed  the 
plowed  ground  too  much.  It  is  true  that 
it  does  this  if  the  soil  is  too  wet;  but  if  the 
soil  is  not  too  wet  to  be  worked,  in  99  cases 
out  of  100,  no  harm  will  result  from  the  pack- 
ing effect  of  the  tractor  wheels,  and  in  a great 
many  instances  it  proves  actually  beneficial. 
Even  under  unfavorable  conditions,  that  is, 
in  soil  that  is  too  wet,  some  have  found  that 
tractors  produce  no  more  harmful  effects  than 
horses. 

An  undoubted  advantage  which  the  tractor 
has  over  teams  is  its  ability  to  cover  more 
ground  in  the  same  length  of  time  than  the 
same  amount  of  power  in  the  shape  of  horse- 
flesh; and  if  it  can  be  used  satisfactorily  on 
plowed  ground,  without  too  great  a power 
loss,  its  performance  for  fitting  and  seeding 
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Fig. 


operations  should  at  least  compare 
very  favorably  with  horses. 

For  fitting  and  seeding  with  a trac- 
tor, most  owners  aim  to  hitch  two  or 
more  implements  in  combination  be- 
hind it.  On  the  larger  farms  where 
the  fields  are  20  to  30  acres  in  extent 
or  larger,  special  hitches  are  used  for 
spreading  the  implements  out  abreast, 
principally  discs  and  drills.  In  this 
way  a large  acreage  may  be  covered 
in  a short  time  and  2 or  3 operations 
combined  in  1. 

On  the  small  to  medium-sized  farms, 
where  the  smaller  tractors  are  used  in 
small  fields,  a common  practice  is  to 
hitch  a disc  and  smoothing  harrow,  or 
a disc,  drill,  and  smoothing  harrow  or 
packer  in  tandem  behind  the  tractor 
and  combine  the  fitting  and  seeding 
in  one  operation.  Another  excellent 
method  of  preparing  plowed  ground  for 
winter  wheat,  or,  in  fact,  for  any  crop, 
is  to  follow  the  plow  at  least  every  half- 
day with  a disc  harrow  and  soil  packer 
hitched  in  tandem  behind  the  tractor. 
Because  of  the  looseness  of  the  soil  this 
would  be  extremely  difficult  work  for 
horses,  but  the  tractor  usually  makes 
easy  work  of  it. 

If  there  is  sufficient  power  in  the 
tractor,  it  is  a good  thing  in  seeding 
to  use  the  disc  just  ahead  of  the  drill, 
not  only  gives  the  ground  an  extra  disk- 
ing, but  the  seed  is  placed  in  freshly 
stirred  soil  where  germinating  conditions 
are  more  favorable  to  a good  start. 

One  spring  the  writer  used  a tractor  outfit 
for  fitting  and  seeding  corn  stubble  to  oats. 
Directly  behind  the  tractor,  and  fastened  to 
it  by  means  of  cables,  was  hitched  a large 
I-beam,  which  dragged  along,  crushed^  the 
corn  stumps  and  leveled  the  ground.  Behind 
this  and  hitched  to  the  tractor  was  a double- 
throw  disc  harrow,  and  behind  the  disc  came 
the  drill,  the  tongue  lying  on  the  frame  of  the 
disc.  The  disc  was  weighted  down  some- 
what, and  as  the  soil  was  iust  right  as  to 
moisture,  the  disc  prepared  a fairly  good 
seedbed.  With  the  drill  following  the  disc 
closely,  the  oats  were  put  in  under  favorable 
conditions.  As  the  teams  on  the  farm  needed 
exercise,  they  were  put  to  work  harrowing 
and  croBS-harrowing  after  seeding. 

Many  tractor  owners  in  using  an  outfit  of 
this  kind  build  a platform  on  the  disc  to  carry 
sacks  of  grain  sufficient  for  half  a day’s  run. 
If  the  construction  and  arrangement  of  the 
disc  and  drill  will  permit,  a “gang-plank” 
may  be  built  from  the  disc  platform  to  the 
drill,  so  that  the  grain-box  on  the  drill  may  be 
filled  without  coming  to  a stop.  This  saves 
considerable  time  in  the  course  of  a day,  as 
otherwise  it  is  not  necessary  to  stop  often, 
providing  the  tractor  gives  no  trouble. 

On  the  other  hand,  such  an  arrangement 
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106.  Combination  hitch  for  3 double  disc  and  5 pep- tooth 
harrows,  three  seeders  and  a plank  drag  or  soil  crumbier 

requires  2 men  with  the  outfit,  which  often 
may  be  undesirable.  However,  to  get  the 
best  results  the  outfit  should  be  attended  by 
2 men.  This  allows  the  tractor  operator 
to  attend  to  guiding  the  outfit  and  watching 
the  engine,  and  the  other  man  to  look  after  the 
implements  handled.  Herein  lies  one  of  the 
serious  limitations  of  most  tractors,  which  is, 
that,  in  order  to  drive  them,  the  operator  is 
compelled  to  sit  on  the  tractor  instead  of  on 
the  implement  that  is  being  hauled.  While 
this  works  out  very  well  in  plowing,  in  other 
kinds  of  work,  more  especially  seeding  and 
harvesting,  it  is  a big  advantage  for  the  opera- 
tor to  be  back  where  he  can  watch  the  entire 
outfit.  Perhaps  an  even  greater  objection 
than  this  is  the  fact  that  in  many  cases  2 
men  are  needed  where,  if  teams  were  used,  , 
only  1 would  be  required.  In  this  connec- 
tion, however,  it  must  be  taken  into  considera- 
tion that  the  tractor  will  work  much  faster; 
as  a rule,  than  horses,  as  well  as  a greater 
number  of  hours  a day.  On  this  account  it 
may  be  more  economical  to  use  the  tractor; 
even  though  an  extra  man  is  required. 

Haying.  The  tractor  is  coming  more  and 
more  into  use  for  haying  operations.  No 
tractor  as  yet,  however,  is  a complete  success 
in  hauling  mowers,  although  1 or  2 make 
fairly  creditable  work  of  it.  These  machines 
are  so  arranged  that  the  operator  can  sit  on 
the  mower  seat,  where  he  guides  and  controls 
the  tractor  and  handles  the  mower  from  the 
same  position.  Some  owners  have  hitched 
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two  or  more  mowers  behind  a tractor  by 
means  of  offset  tongues.  Such  an  arrange- 
ment is  usually  more  expensive  than  mowing 
with  teams,  for,  besides  requiring  a man  on 
each  mower,  an  extra  man  is  needed  to  oper- 
ate the  tractor. 

Whether  or  not  it  would  be  more  economical 
to  use  the  tractor  for  mowing  would  depend 
on  conditions;  ordinarily  it  would  not.  Mow- 
ing is  comparatively  light  work,  and,  even 
in  hot  weather,  the  teams  can  rush  it  along 
almost  as  fast  as  the  tractor.  Besides,  there 
is  no  question  but  that  the  horse  is  a more 
flexible  motor  for  this  work  than  is  the  tractor. 
The  same  thing  holds  true  in  the  tedding 
and  raking  operations;  for  the  most  part 
teams  will  perform  them  best. 

On  land  that  is  not  too  hilly  the  tractor 
will  usually  be  found  better  suited  to  hauling 
hay  wagons  and  loader  than  teams.  A farmer 
in  Wood  County,  Ohio,  finds  this  very  prac- 
tical work  for  his  tractor.  The  engine  having 
more  power  than  his  team  enables  him  to  put 
on  a larger  load.  It 
also  travels  much 
faster  than  horses, 
which  is  an  advan- 
tage when  hauling 
the  load  to  the 
bam,  or  the  empty 
wagon  to  the  field. 

, , This  man  says  that 
the  men  who  do  the 
Fig.  107.  A simple  hitch  for  loading  find  they  can 
2 disc  harrows  work  with  greater 

ease  behind  the  trac- 
tor, as  it  produces  a steadier  pull  than 
horses. 

Grain  harvesting.  Aside  from  plowing, 
and  possibly  preparing  the  seedbed,  there  is 
probably  no  more  important  operation  on  the 
farm  for  a tractor  than  harvesting  grain. 
One  of  the  serious  objections  in  the  past  to  its 
use  for  this  purpose  has  been  that  2 men 
were  needed,  while  1 could  handle  a 4-horse 
team  and  a binder. 

Some  of  the  larger  trac- 
tors have  been  used  to 
haul  2 or  3,  and  even 
as  high  as  6 or  8,  bind- 
ers, by  means  of  offset 
tongues,  but  a man  or 
boy  was  needed  on  each 
binder.  This  objection 
is  gradually  disappear- 
ing with  the  introduc- 
tion of  new  designs  of 
tractors  and  improved 
attachments  on  older 
designs  that  permit  the 
operator  to  nde  on  and 
control  his  engine  from 
the  binder  seat. 

Wherever  it  is  practi- 
cal to  use  the  tractor 
for  harvesting,  it  will 


usually  be  found  superior  to  teams,  prin- 
cipally because  of  its  ability  to  work  faster. 
The  writer  has  found  that  it  is  not  usu- 
ally necessary  to  begin  harvesting  so  early 
with  a tractor  as  with  horses.  One  can 
wait  until  the  grain  has  reached  the  right 
stage  of  maturity  to  be  harvested,  and  then 
keep  his  tractor  and  binder  at  work,  if 
need  be,  14  to  16  horns  a day,  or  from  dew 
to  dew.  Hot  weather  is  not  a hindrance  to 
the  tractor,  the  only  stops  necessary,  if  the 
outfit  is  in  good  condition,  being  for  meals, 
to  oil  the  machinery  occasionally,  fill  the 
twine  boxes,  and  make  any  minor  adjust- 
ments, etc.,  when  needed.  In  this  way  a 
large  acreage  of  grain  may  be  cut  in  a short 
time,  if  everything  goes  well. 

However,  for  harvesting,  as  well  as  other 
farm  operations,  with  a tractor  the  element 
of  chance  is  a bigger  factor  than  with  teams. 
If  the  owner  is  not  careful  to  see  that  the 
machine  is  in  first-class  condition  before  har- 
vesting starts,  and  that  it  is  kept  in  good  order 
all  the  time  it  is  working,  a breakage  or  other 
mishap  may  occur  that  will  seriously  delay 
the  work,  even  more  so  than  would  teams. 
Also  because  the  tractor  will  work  faster  than 
horses,  it  will  wear  out  the  binder  much  faster. 
Where  tractors  can  be  speeded  up  to  3 or  4 
miles  an  hour,  a great  many  owners  have 
attempted  to  haul  binders  at  that  speed. 
To  say  the  least,  this  is  almost  without  excep- 
tion impracticable,  and  the  delays  caused  by 
breakages  usually  offset  the  time  saved.  A 
speed  of  2 J miles  an  hour  is  quite  fast  enough 
for  a binder. 

Cultivating.  One  of  the  most  serious 
limitations  of  most  tractors,  when  it  comes 
to  putting  them  to  work,  is  that  they  are  not 
adapted  to  the  cultivation  of  rowed  crops. 
There  are  one  or  two  makes,  which  come  in 
the  class  of  general-purpose  tractors,  that  are 
fairly  well  suited  for  this  purpose,  but  the 
rest  are  not  There  have  also  been  designed  a 
few  machines  especially  for  cultivating,  and 
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Fig.  106.  General  purpose  hitch  and  drawbar  for  tractor  work.  (This  diagram. 
Fig.  96  and  all  between,  courtesy  of  the  Igteraatfonal  Harvester  Co.) 
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success  in  this  direction  is  very  promising;. 
These  same  machines  without  a great  deal  of 
change  can  be  used,  also,  for  planting;  and 
listing  corn,  planting  potatoes,  and  other 
light  work. 

Belt  work.  There  is  quite  a variety  of 
belt  work  on  the  farm  to  which  the  tractor 
can  be  put.  In  general,  this  is  easy  as  com- 
pared with  some  of  the  field  operations,  pro- 
vided the  tractor  is  well  adapted  for  belt  work. 
The  table  given  previously  will  suggest  quite 
a variety  of  tasks. 

Speaking  with  reference  to  belt  work  on 
the  farm,  a tractor  expert  of  the  United 


States  Department  of  Agriculture  recently 
said:  “Belt  work  is  the  largest  item  which 
can  be  included  under  one  head;  this  repre- 
sents, on  an  average,  about  60  per  cent  of  the 
work  which  the  tractor  generally  does  on 
farms.  This,  of  course,  includes  many  differ- 
ent kinds  of  work,  but  usually  there  are  only 
two  limiting  factors  involved:  one  is  the 
amount  of  power  available  for  the  heavier 
operations  such  as  cutting  silage  or  running 
a separator;  the  other  is  the  question  of 
economy  in  doing  the  lighter  jobs.  Aside 
from  these  the  nature  of  the  belt  work  is 
immaterial;  the  tractor  will  take  care  of  it.” 


Tractor  Management 

The  “man  behind”  the  tractor.  Fundamental  to  the  success  of  the  farm 
tractor  as  a practical  and  economical  investment  is,  as  stated  above,  the  human 
element — the  “man  behind.”  No  matter  how  favorable  conditions  may  be  to 
its  profitable  use  on  any  particular  farm,  unless  the  owner  is  a good  manager,  and 
operates  and  cares  for  his  tractor  properly,  he  must  not  expect  to  make  his  power- 
farming operations  a success.  Briefly,  good  management  is  even  more  essential 
when  using  a tractor  than  when  farming  with  horses  only,  largely  because  a trac- 
tor will  not  stand  abuse  and  bad  management  and  still  do  good  work,  as  well  as 
teams. 

While  not  heard  so  often  now  as  in  the  past,  a favorite  claim  of  tractor  sales- 
men has  been  that  “anybody  can  run  it.”  This  has  been  the  means  of  mislead- 
ing a great  many  tractor  buyers,  making  them  expect  more  service  from  their 
machines  than  they  could  possibly  deliver,  and  also  gi ving  them  the  impression  that 
it  was  not  necessary  to  study  their  operation  very  much  to  be  successful.  The 
conclusions  reached  on  this  point  by  the  United  States  Department  of  Agriculture, 
after  extensive  tractor  investigations  by  one  of  its  experts,  are  as  follows: 


“It  would  appear  that  some  manufacturers 
have  felt  that  it  was  a discredit  to  their 
tractor  to  admit  that  a man  need  spend  any 
time  in  learning  to  operate  and  care  for  it. 
Extravagant  claims  that  ‘anybody  can  run 
it’  have  resulted  in  many  farmers  feeling 
that  it  was  an  admission  of  a lack  of  even 
ordinary  mechanical  ability  on  their  part  to 
require  instruction  in  the  operation  of  a 
tractor  or  to  ask  for  advice  concerning  it. 
This  fact  has  been  largely  responsible  for  the 
need  of  so  much  expert  service  being  required 
after  machines  have  been  in  operation  a short 
time. 

“Actual  experience  in  thousands  of  cases 
has  shown  so  conclusively  that  running  a 
tractor  is  not  a job  for  either  a boy  or  inex- 
perienced man  that  it  should  be  unnecessary 
at  this  stage  of  tractor  development  to  have 
to  take  time  to  contradict  the  old  statement 
that  * any  boy  can  run  it.’  Every  experienced 
tractor  manufacturer  knows  better,  and  the 
new  ones  who  still  make  such  claims  not  only 
show  their  lack  of  experience,  but  are  paving 
the  way  for  service  troubles  at  a later  date 
by  misleading  the  purchaser  and  preventing 
him  from  taking  the  trouble  to  inform  him- 


self fully  regarding  the  operation  of  the  outfit. 

“The  tractor  is  strictly  a business  proposi- 
tion with  the  farmer.  He  cannot  afford  to 
risk  delays  with  his  work  at  critical  seasons 
when  a small  amount  of  time  and  money 
spent  in  learning  how  to  run  the  outfit  will 
give  a strong  guarantee  that  such  delays  will 
Be  avoided. 


Getting  results.  Good  tractor  manage- 
ment involves  getting  as  much  work  as 
possible  out  of  the  machine  to  make  it  a 
profitable  investment.  As  already  pointed 
out,  however,  this  does  not  mean  using  the 
tractor  where  it  would  be  better  to  use  teams, 
just  to  get  work  out  of  it.  On  the  average, 
tractor  owners  do  not  get  much  more  than 
about  60  days’  service  a year  from  their 
machines.  In  some  cases  the  tractor  may  be 

Srofitable  even  at  this  rate;  but,  as  a rule,  it 
\ more  apt  to  pay  if  there  can  be  found  100 
or  more  days’  work  a year  for  it. 

Getting  the  most  work  out  of  the  small  or 
medium-sized  tractor  on  a medium-sized 
farm  means  using  it  for  as  many  different 
kinds  of  work  as  is  found  practical.  And  to 
be  more  practical  and  economical  than  horses 
for  any  particular  operation,  it  must  be  able 
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to  perform  that  operation  quicker,  easier, 
and  cheaper. 

Few  tractor  owners  have  used  their  ma- 
chines for  as  great  a variety  of  work  as  the 
tractor  is  capable  of  performing  profitably. 
The  principal  reason  for  this  is  that  the  hitch- 
ing to  a tractor  of  implements  designed  to  be 
used  with  horses  is  quite  a problem.  For 
the  most  part  it  has  been  left  to  the  farmer 
to  be  solved  as  best  he  could  solve  it,  little 
having  been  done  during  the  early  years  of 
tractor  building,  by  manufacturers,  to  de- 
velop suitable  attachments  for  connecting 
various  farm  implements  to  the  tractor. 

It  requires  no  little  initiative  and  ingenuity 
on  the  part  of  the  tractor  operator  to  devise 
convenient  hitches  that  will  satisfactorily 
meet  his  particular  needs,  and  with  which  he 
may  operate  his  tractor  outfit  without  bring- 
ing about  unusual  strains  or  unnecessary 
wear  and  tear  on  any  of  the  equipment.  Two 
fundamental  aims  to  keep  in  mind  when  hitch- 
ing implements  to  a tractor  are:  (1)  A 
quick,  easy  method  of  connecting  and  dis- 
connecting the  tractor  with  and  from  the 
rest  of  the  outfit;  and  (2)  the  greatest  pos- 
sible flexibility  of  operation,  especially  in 
turning.  If  the  operator  takes  the  pains  to 
study  this  problem  thoroughly  and  watch 
his  outfit  closely  when  at  work,  to  discover 
ways  and  means  of  improving  the  hitching, 
he  should  not  have  much  difficulty  in  getting 
satisfactory  operation. 

Tractor  must  be  properly  cared  for.  Good 
tractor  management  includes  proper  care  of 


the  tractor.  The  right  kind  of  care  is  essential 
not  only  to  keeping  it  in  the  best  working  con- 
dition at  all  times,  and  consequently  avoiding 
expensive  delays  on  account  of  breakdowns  or 
neglect,  but  also  to  prolonging  the  life  of  the 
machine.  And  in  this  connection  it  cannot  be 
too  strongly  impressed  upon  operators  that 
they  cannot  expect  to  give  the  tractor  the 
right  care  without  a thorough  study  of  the  in- 
struction book  and  following  the  manufac- 
turer’s recommendations.  Many  tractors  have 
proved  utter  failures  for  no  other  reason 
than  that  they  did  not  receive  intelligent  care. 

On  farms  where  the  fields  are  badly  cut  up 
or  irregular  in  shape,  as  is  the  case  in  so  many 
instances,  it  is  usually  advisable  to  square 
them  up  wherever  possible,  even  to  the  mov- 
ing of  fences,  in  order  to  get  more  satisfactory 
results  in  the  use  of  a tractor.  It  is  not  only 
easier  to  handle  a tractor  in  regular-shaped 
fields  on  account  of  the  fact  that  it  is  not  as 
flexible  as  a team,  but  it  will  do  better  work 
and  work  closer  to  the  corners.  Long,  nar- 
row fields  are  the  most  suitable  for  tractor 
operation,  as  a minimum  of  turning  is  re- 
quired. It  will  no  doubt  be  found  that  where 
a tractor  will  prove  a considerably  more 
economical  source  of  power  for  the  bulk  of 
the  work  than  horses,  it  would  be  profitable 
to  relay  out  all  or  part  of  the  fields  on  the 
farm  to  facilitate  tractor  work.  Some  trac- 
tor owners  have  done  this  and  found  it  paid. 
As  a rule,  however,  this  change  should  be  a 
gradual  process  and  the  result  of  careful 
study  and  planning. 


Fig.  109.  How  to  begin  a method  of  tractor  plowing  that  does  away  with  dead-  and  back-furrows.  The  arrows 
show  the  course  of  the  machine  and  the  figures  the  order  m which  the  reverse  loops  are  made.  From  here  on  the 
ends  can  be  plowed  around  without  a change  of  direction.  (International  Harvester  Co.) 


The  Size  and  Type  of  Tractor  to  Buy 

The  right  size  of  tractor  to  buy  is  naturally  a difficult  matter  for  the  man  who 
is  about  to  buy  his  first.  The  smallest  practical  size  on  even  the  smallest  farm  is 
the  2-plow  machine,  and,  according  to  an  investigation  conducted  by  the  United 
States  Department  of  Agriculture  among  200  Illinois  tractor  owners,  the  minimum 
size  of  farm,  in  the  opinion  of  these  men,  on  which  this  size  of  tractor  can  be  used 

Erofitably,  is  140  acres.  This  does  not  necessarily  mean  that  no  farmer  with 
>ss  than  this  acreage  should  buy  a tractor,  for  a great  many  fanners  can  and 
have  made  this  size  pay  on  even  as  low  as  100  acres.  But  in  considering  the  pur- 
chase of  a machine  for  a farm  of  less  than  140  to  160  acres,  a great  deal  of  thought 
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and  study  should  be  given 
it  in  order  to  determine 
whether  or  not  it  would 
be  a profitable  investment. 

Size.  In  making  the 
purchase  it  is  necessary  to 
buy  a tractor  of  the  proper 
size  in  order  that  it  may 
be  most  practical  ana 
economical.  In  the  first 
place,  one  should  get  a 
machine  that  has  plenty 
of  power  for  all  his  work. 

A tractor  of  insufficient 
power  to  do  the  work  re- 
quired of  it,  will  naturally 
prove  unsatisfactory. 

Then  again  if  one  buys  a 
machine  with  more  power 
than  he  has  any  need  of, 
it  may  be  too  cumbersome  and  expensive  to  operate  for  a variety  of  tasks  on  the 
farm,  for  both  light  and  heavy  work. 


Fig.  110.  Field  laid  out  for  listing  com  with  a tractor  so  as  to  avoid 
short  turns.  The  dotted  line  shows  course  of  the  marker.  (Interna- 
tional Harvester  Co.) 


In  the  Government  investigation  referred 
to,  an  important  point  relating  to  the  best 
size  of  tractor,  as  brought  out  by  the  ex- 
perience of  the  Illinois  tractor  owners,  was 
that  for  farms  having  200  acres  or  less  of 
crops,  a 3-plow  tractor  is  considered  the  most 
desirable,  while  a 4-plow  machine  would 
probably  be  better  on  this  size  of  farm  than  a 
2-plow  outfit.  On  farms  of  more  than  200 
acres  and  up  to  300  acres  of  crops,  a 4-plow 
tractor  is  generally  believed  to  be  the  most 
suitable,  while  either  a 3-  or  a 2-plow  machine 
would  be  better  than  one  pulling  more  than 
4 plows.  On  farms  of  from  300  to  750  acres 
the  4-plow  tractor  was  still  favored. 

Three-  and  four-plow  tractors.  Tractor 
manufacturers  building  a variety  of  sizes,  as 
well  as  investigators  who  have  made  a careful 
study  of  this  phase  of  the  tractor  question, 
are  agreed  that  the  3-  and  4-plow  machine  is 
by  far  the  most  economical  size.  Probably  on 
most  farms  this  size  will  rive  the  best  all- 
9 round  satisfaction.  On  the  larger  farms, 
where  more  power  is  needed,  it  is  usually 
better  to  have  two  3-plow  machines  than  one 
6.  In  a great  many  cases,  farmers  who  have 
purchased  6-  and  8-plow  outfits  have  stated 
that  it  would  have  been  better  economy  to 
buy  two  smaller  outfits  rather  than  the  one 
large  one.  The  reason  for  this  is  that  very 
often,  especially  for  the  lighter  work  of  har- 
rowing, seeding,  etc.,  one  smaller  machine 
would  do  the  work  just  as  well  as  the  large  one, 
and  the  expense  of  operation  would  be  less. 
Another  reason  is  that,  if  in  plowing  or  work 
where  both  were  needed,  one  should  meet 
with  an  accident  causing  a delay,  the  other 


would  keep  on  working  and  the  delay  would 
consequently  be  less  costly. 

Recently  a personal  investigation  was  con- 
ducted among  several  tractor  owners,  owning 
different  sizes  of  machines,  to  ascertain 
what  it  costs  to  do  farm  work  with  the  dif- 
ferent sizes.  A careful  analysis  of  the  costs, 
including  depreciation,  repairs,  and  interest 
on  the  original  investment,  brought  out  the 
interesting  fact  that  the  cost  of  doing  work 
with  the  3-  or  4-plow  tractor  was  invariably 
less  than  with  either  a 2-plow  machine  or  the 
larger  sizes. 

Information  on  this  subject  is  sufficient  to 
justify  a definite  statement  that  a 3-  or  4-plow 
tractor  will  best  meet  the  tractor  require- 
ments of  the  average  farm.  With  this  size 
one  can  plow  much  faster  than  with  horses; 
besides  he  can  handle  3 or  4 plows,  whereas 
one  man  is  needed  with  each  2 plows  when 
horses  are  used.  This  size  of  machine  has 
enough  power  to  operate  practically  all  belt- 
driven  machines  on  the  average  farm,  even 
a small-sized  thresher  or  silage  cutter.  Also, 
it  is  not  so  large  as  to  be  too  expensive  for 
doing  many  kinds  of  work  that  do  not  require 
much  power. 

e size  of  a farm  does  not,  or  should  not, 
determine  the  best  size  of  tractor  to  buy. 
One  should  outline  carefully  the  different 
kinds  of  work  for  which  he  proposes  to  use 
his  tractor,  and  then  select  a machine  that 
will  have  plenty  of  power  to  do  the  most 
difficult  tasks  required  of  it.  In  this  connec- 
tion, if  it  is  desired  to  have  a tractor  merely  to 
furnish  additional  power  during  times  when 
the  work  is  rushed,  in  cases  where  there  is 
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only  a small  need  of  belt  work  and  where  The  Department  of  Agriculture  and  other 
most  of  the  field  work  is  done  with  teams,  it  authorities  are  pretty  much  agreed  that, 
is  possible  that  a 2-plow  tractor  would  be  generally  speaking,  it  is  better  to  make  the 
the  most  logical  one  to  buy.  Some  have  mistake  of  buying  too  large  a tractor  than 
found  this  to  be  the  case.  A particular  one  that  does  not  have  power  enough.  This 
advantage  of  this  size  is  that  a smaller  in-  does  not  mean,  however,  that  the  pur- 
vestment  is  required.  This  size  is  also  rec-  chase  of  the  largest  sizes  is  recommended, 
ommended  as  a good  one  to  buy  at  first,  but  it  does  refer  to  the  rather  too  common 
especially  in  cases  of  minimum  power  re-  practice  of  buying  a 2-plow  tractor  to  do 

auirements,  in  order  to  gain  experience  in  the  work  that  really  requires  a 3-  or  4-plow 
le  handling  and  care  of  tractors.  - machine. 

Types  of  tractors.  Tractors  are  variously  classified,  but  the  classifications 
of  the  greatest  interest  to  farmers  are  based  on  (1)  type  of  traction  members; 
(2)  number  of  wheels;  and  (3)  motor. 

Traction  members.  As  to  these  there  are  two  general  types — the  round-wheel 
and  tiie  track-laying  or  caterpillar.  Until  recently  it  had  been  generally  consid- 
ered that  the  track-laying  type  was  more  of  a special-purpose  machine,  for  use 
where  it  was  necessary  to  travel  on  soft  ground  or  to  negotiate  very  wet  or  very 
sandy  fields.  This  machine,  however,  is  gradually  coming  more  and  more  into 
favor  as  a machine  for  all  conditions.  In  fact,  at  present  it  bids  fair  to  become  a 
strong  competitor  of  the  round-wheel  type. 

One  of  the  principal  disadvantages  of  the  track-laying  machine  is  the  short 
life  of  the  track,  necessitating  rather  expensive  replacements,  and  another  is  the 
much  higher  cost  of  this  type,  due  to  the  expensive  track  construction  and  mech- 
anism. One  company  claims  to  have  solved  the  problem  of  excessive  wear  on 
the  track;  but  with  most  machines  of  this  type  the  track,  especially  under  some 
conditions,  is  apt  to  be  one  of  the  main  weaknesses.  On  the  other  hand,  a par- 
ticular advantage  of  this  type  is  the  fact  that  a larger  percentage  of  the  power  of 
the  motor  is  available  at  the  drawbar  than  in  a round-wheel  tractor,  because  the 
slippage  of  the  traction  members  in  most  cases  is  practically  negligible.  Espe- 
cially is  this  true  where  the  surface  of  the  ground  is  inclined  to  be  slippery,  and  also 
in  plowed  ground. 


Number  of  wheels.  As  to  this,  the  4- 
wheel  type  is  the  most  popular,  the  2-wheel 
next,  and  the  3-wheel  third  and  fast  losing 
favor.  The  2-wheel  type  is  confined  almost 
entirely  to  one  or  two  makes.  It  is  well 
adapted  for  use  with  quite  a variety  of  farm 
implements,  especially  planters,  cultivators, 
binders,  etc.,  and  has  the  particular  advan- 
tage that  it  permits  the  operator  to  drive  and 
control  the  tractor  from  the  seat  of  the  imple- 
ment being  hauled.  Its  particular  disadvan- 
tage is  the  inconvenience  of  disconnecting  it 
from  one  implement  and  hitching  it  to  another. 


All  things  considered,  the  4-wheel  type  is 
perhaps  better  adapted  than  the  others  to 
plowing  and  other  heavy  work.  Its  principal 
limitations,  in  most  makes,  are  that  the  opera- 
tor is  compelled  to  operate  the  tractor  from 
the  tractor  itself,  instead  of  from  the  imple- 
ment it  drives,  and  that  the  machine  is 
not  well  adapted  to  cultivating. 

The  motor.  As  to  the  motor  in  a tractor, 
many  manufacturers,  and  owners  too,  still  fa- 
vor the  1-cylinder  and  2-cylinder  types,  al- 
though there  is  a decided  tendency  toward  the 
use  of  the  4-cylinder  motor. 


The  type  to  buy.  . In  buying  a tractor,  price  should  be  a secondary  considera- 
tion; for  it  pays  best  in  the  end  to  add  $200  or  $300  or  even  more,  and  get  a dur- 
able, reliable  machine.  It  should  not  only  be  well  designed  and  constructed  with 
the  best  materials,  but  it  should  embody  such  features  as  ball  and  roller  bearings, 
cut-steel  gears  enclosed  and  running  in  oil,  and  enclosed  working  parts;  all  these 
will  add  several  years  to  the  life  of  the  machine.  The  ultimate  type  of  farm  trac- 
tor has  not  yet  arrived,  and  it  may  be  several  years  before  it  does;  but,  under  fa- 
vorable conditions  and  in  the  hands  of  a good  manager,  any  one  of  several  makes 
now  on  the  market  is  practical  and  can  be  made  a paying  investment. 
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Fig.  111.  Present  day  farm  implements  make  the  larger  planting  and  better  care  of  crops  easier  than  they  have 
ever  been.  All  the  world  wants  more  food;  shall  it  look  to  the  farmer  for  it  in  vain? 
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VOLUME  III— PART  II 

Farm  Implements 

WHEN  the  aim  and  problem  of  man’s  existence  consisted  merely  of  the  pro- 
viding of  his  immediate  family  with  food,  shelter,  clothing,  ana  protection, 
there  was  no  need  for  him  to  raise  more  crops  or  handle  more  food  animals  than 
he  and  his  sons  could  look  after  with  the  help  of  whatever  crude  implements  their 
stage  of  development  happened  to  afford  them.  Modem  illustrations  of  these 
prehistoric  conditions  are  to  be  found  in  the  undeveloped  sections  of  the 
Canal  Zone,  of  Africa,  of  South  America  and  other  unexplored  or,  at  least, 
unmodemized  regions.  However,  as  men  began  to  take  up  special  lines  of  work, 
some  found  themselves  confronted  by  the  task  of  providing  their  industrially  or 
artistically  or  commercially  inclined  neighbors  with  the  products  of  the  soil — 
that  is,  they  became  farmers.  And  the  increased  demands  upon  their  industry 
gradually  made  it  imperative  that  they  multiply  their  productive  ability.  They 
had  to  have  implements  with  which  to  handle  larger  fields,  cultivate  larger  crops, 
harvest  and  dispose  of  lai^er  yields.  This,  in  briefest  outline,  is  the  history  of. 
the  development  of  farm  implements  and  machines;  to  what  length  it  has  been 
carried  is  suggested  in  the  seven  chapters  forming  this  part  of  this  volume. 

It  is  easy  to  overlook  the  important  part  placed  by  the  manufacturers  of  farm 
machines  in  educating  farmers  to  their  use.  Of  course  it  has  been  good  busi- 
ness policy,  but  it  has  been  more  than  that;  for  the  intelligent,  effective  use 
of  labor-saving  devices  is  one  means  of  increasing  the  total  yield  of  staple  crops, 
and  never  has  the  need  "of  increased  production  been  as  obvious  and  serious  as 
it  has  become  of  late  years.  However,  there  are  principles,  comparisons, 
analyses,  and  descriptions  that  cannot  find  a place  even  in  the  excellent  cata- 
logs and  instruction  books  issued  by  those  who  are  best  informed  about  the 
various  implements;  and  which  are  none  the  less  invaluable  aids  to  a correct 
understanding  of  the  place  and  purpose  of  the  tools,  and  their  successful  opera- 
tion. It  is  from  this  standpoint  that  the  various  tillage,  seeding,  harvesting, 
spraying,  and  other  implements  described  hereafter,  are  treated.  Other  discus- 
sions of  implements  may  be  found  in  Vol.  II,  in  the  chapters  dealing  with  the 
handling  of  the  soil,  the  raising  of  special  crops,  etc. — Editor. 
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Machines  for  Tilling  the  Soil 


By  F.  H.  Demaree,  Farm  Advisor  of  Grundy  County , Illinois ; who  was  horn  on  a farm  in 
Indiana . He  graduated  from  Purdue  University  after  having  specialized  in  crov  production  and 
plant  breeding , then  went  to  the  University  of  Missouri  as  assistant  in  crop  pmduction,  becoming 
Assistant  Professor  within  S years . He  then  became  Agronomist  and  Advertising  Manager  for 
the  J . I.  Case  Plow  Works , in  which  capacity  he  became  familiar  with  practically  all  types  of  imple- 
ments used  in  nearly  all  parts  of  the  country . As  part  of  this  work,  he  started  a demonstration  farm 
on  which  were  tested  all  sorts  of  new  machines  and  their  parts.  After  2 years  at  this , fearing  that  he 
might  be  “getting  too  far  away  from  the  farm”  he  spent  a year  with  the  Crop  Improvement  Com- 
mittee of  the  National  Council  of  Grain  Exchanges , and  men,  in  1915,  took  his  present  position. 
His  work  has  therefore  brought  him  in  touch  with  all  kinds  of  farm  implements,  most  of  which  he  has 
operated  either  on  his  home  farm  or,  in  demonstrations,  on  other  farms. — Editor. 

Plows 


WHEN  man  began  to  scratch  the  surface  of  the  soil  with  a crooked  stick, 
agriculture  was  bom.  Since  that  time  the  art  of  farming  has  been  very 
slowly  evolved  to  its  present  stage.  Ages  ago  a type  of  wooden  plow  was  de- 
signed, which  was  a great  improvement  over  the  crooked  stick,  but  which  was 
very  cumbersome  and  easily  worn  out,  to  say  the  least.  The  past  75  years  have 
seen  the  invention  and  development  of  the  steel  plow  to  its  present  high  state  of 
perfection  and  efficiency.  This  implement,  more  than  any  other,  has  made  pos- 
sible present-day  farming  methods. 


Plow  classifications.  All  plows  may  be 
divided  in  2 general  classes:  those  which  turn 
the  soil  with  a moldboard,  and  those  which 
turn  it  with  a revolving  disk.  Of  these,  the 
moldboard  type  is  the  original,  and  it  still 
continues  to  find  favor  with  the  vast  majority 
of  farmers. 

Moldboard  plows.  All  plows  of  the  mold- 
board  type  may  be  subdivided  according 
to  the  shape  or  turn  of  the  moldboard.  This 
subdivision  has  been  made  necessary  by  the 
fact  that  soils  differ  widely  as  to  the  ease  and 
manner  with  which  they  may  be  properly 
plowed.  This  difference  may  be  further  in- 
creased by  the  manner  in  which  the  land  is 
farmed  or  by  the  type  of  crop  grown  on  the 
land  preceding  the  plowing.  For  instance,  a 
heavy  soil  which  has  been  growing  a grass 
crop  that  has  produced  a sod  cannot  be  prop- 
erly turned  with  a short-tum  or  stubble 
moldboard. 

On  ordinary  plowland  the  furrow  slices 
should  be  turned  over  and,  to  a certain  extent, 
lap  one  another.  All  weeds  or  trash  will  then 
be  buried,  and  the  ground  can  be  easily 


leveled.  On  ordinary  grass-sod  land  the  fur- 
row slice  should  be  made  with  a medium  lap, 
not  flat,  but  far  from  on  edge.  Native  sods 
which  have  never  been  broken  should  be 
turned  down  as  flat  as  possible,  owing  to  the 
fact  that  the  sod  is  so  stiff  that  it  is  exceed- 
ingly hard  to  work  up  a seedbed,  and,  unless 
the  furrow  slice  is  turned  down  flat,  the  sod 
will  not  rot,  air  spaces  will  be  left  underneath, 
and  a poor  crop  will  be  apt  to  result.  This  is 
the  only  exception  where  a flat  furrow  slice 
is  desirable.  Ordinarily,  a flat  furrow  slice 
beats  down  easily  with  heavy  rains,  and  is, 
consequently,  hard  to  get  in  planting  shape. 
A furrow  slice  on  edge  is  also  hard  to  work 
down,  and  it  leaves  trash  and  sod  on  top  of 
the  ground. 

In  order  to  secure  good  plowing  results, 
therefore,  three  distinct  types  of  moldboard 
are  made:  sod,  long-turn  boards,  sometimes 
called  “sod”  and  “stubble  boards,”  and  short- 
turned  boards,  often  called  “stubble  boards.” 

The  typical  sod  moldboard  is  long  and 
narrow,  and  it  has  very  little  turn.  It  is 
designed  to  plow  native  sods  and  thick  grass 
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soda  of  heavy  soils.  It  will  turn  a flat  furrow 
slice  or  edge  it  up  as  lightly  as  desired. 

The  long-turn  moldboard  is  designed  to 
plow  lighter  sods,  such  as  clover  and  timothy, 
and  it  will  turn  over  even  furrows,  lapping 
them  nicely  without  crinkling.  It  is  also  used 
almost  exclusively  in  heavy  clay  soils,  regard- 
less of  the  crop  previously  grown  on  the  land, 
because  the  long-turn  board  is  lighter  in 
draft  on  these  soils. 

The  short-turn,  or  stubble,  moldboard, 
should  be  used  on  all  loose,  easily  plowed 
lands.  This  type  of  moldboard  elevates  the 
soil  quickly,  turning  it  almost  completely 
over.  It  is  very  efficient  in  burying  trash 
and  in  exposing  the  upturned  soil  to  the  sun. 
It  will  not  do  a good  job  of  plowing  in  sod, 
and  should  not  be  used  there  if  it  can  be 
avoided.  When  so  used,  the  land  looks  very 
rough,  with  the  furrow  slices  badly  crinkled, 
and  much  sod  exposed,  which  will  certainly 
be  dragged  out  on  top  when  the  land  is  being 
fitted  for  a crop. 

Scouring.  The  different  styles  of  mold- 
boards  mentioned  above  find  their  great 
adaptability  to  the  kinds  of  work  described, 
not  only  because  good  work  is  done,  but  be- 
cause, in  the  main,  the  moldboards  scour 
best  under  those  conditions. 

When  a plow  is  scouring  properly,  the  soil 
slip®  over  the  moldboard  without  any  indi- 
cation of  sticking,  leaving  the  moldboard 
bright  and  shiny,  and  giving  a soil  polish  to 
the  underside  of  the  furrow  slice  as  it  slips 
from  the  plow.  A plow  will  scour  easily  in  a 
heavy  clay  soil,  the  particles  of  such  a soil 
hang  together  with  little  tendency  to  stick 
to  the  plow.  The  long-turn  board  does  good 
work  with  less  draft  in  such  soils.  A sandy 
or  gravelly  soil,  also,  scours  easily  under  most 
conditions;  the  grit  keeps  the  finer  portions 
of  the  soil  from  sticking.  These  soils  are 
generally  so  loose  in  texture  that  a short-tum 
board  will  do  the  best  job  of  turning.  Loose 
loamy  types  of  soil  give  the  most  difficulty 
in  plowing;  the  soil  particles  do  not  hang 
together,  and  they  stick  to  the  moldboard 
badly.  This  is  especially  true  when  the  soil 
is  wet.  To  overcome  this,  short-turn  boards 
are  used.  It  has  also  led  to  the  use  of  spe- 
cially hardened,  highly  polished  steel,  so  that 
the  least  friction  with  the  soil  is  produced. 

Under  particularly  aggravating  conditions, 
a slatted  or  rod  type  moldboard  may  be  used. 
In  these,  the  upper  end  instead  of  being 
solid,  is  cut  into  narrow  strips,  or  slats,  which, 
owing  to  the  lessened  surface,  do  not  cause 
as  much  friction  as  a solid  board.  In  very 
sticky  lands,  this  type  of  board  should  scour 
where  others  fail. 

The  walking  plow.  The  walking  plow  is 
universal,  one  or  more  being  found  on  prac- 
tically every  farm.  It  must  be  depended  on 
exclusively  where  the  land  is  very  hilly  or 
contains  stumps  and  stones  which  will  not 
allow  the  use  of  a riding  plow.  Under  all 


Fig.  112.  A modem,  general-purpose  moldboard  plow 


other  conditions,  it  has  been  practically  dis- 
carded in  favor  of  the  lever  riding  plows, 
except  for  garden  work  and  the  plowing  of 
smaller  lands,  ends,  and  corners.  Walking 
plows  are  made  with  either  a right-  or  a left- 
turn  board.  The  right-turn  boards  are  more 
favored  in  most  localities. 

In  selecting  a good  walking  plow,  there  are 
two  important  things  to  consider:  the  frog 
brace  and  the  beam.  The  best  brace  is  made 
of  steel,  thoroughly  supports  the  moldboard, 
landside,  and  share,  or  lathe.  If  this  is  poor, 
the  plow  is  short  lived.  Originally,  all  walk- 
ing plows  were  made  with  wooden  beams.  A 
wooden  beam  can  still  be  secured,  but  the 
use  of  steel  beams  has  increased  steadily. 
The  great  disadvantage  of  the  steel  beam  lies 
in  the  fact  that  it  can  be  sprung.  When  the 
set  of  the  beam  is  sprung  out  of  line  in  any 
manner,  the  plow  never  works  properly;  it 
should  be  sent  back  to  the  factory  for  adjust- 
ment. There  is,  of  course,  no  danger  in 
springing  a wooden  beam,  but  there  is  more 
or  less  danger  of  breakage,  so  that  these  two 
features  about  offset  one  another. 

How  constructed.  The  base  of,  or  key 
to,  the  construction  of  the  walking  plow  is  the 
frog.  This  is  a heavy  steel  or  malleable  iron 
piece  curved  on  one  side,  to  fit  the  shape  of  the 
share  and  moldboard,  and  perpendicular  on 
the  other,  for  the  attachment  of  the  landside. 
The  beam  is  securely  bolted  to  the  underside 
of  >the  frog.  The  share  slips  over  the  lower 
end  of  the  frog  and  attaches  to  both  the 
curved  side  and  the  square  side,  thus  forming 
a very  secure  union.  The  moldboard  proper 
is  then  fitted  against  the  upper  edge  of  the 
share  and  bolted  to  the  frog  at  the  lower  end. 

The  care  and  adjustment  of  plows.  But 
few  adjustments  are  called  for  in  the  case  of 
a walking  plow,  the  main  ones  being  at  the 
clevis  where  the  hitch  may  be  raised  or  low- 
ered to  regulate  the  depth  of  the  furrow,  or 
moved  from  one  side  to  the  other  to  regulate 
the  width  of  the  furrow  slice. 

Good  care  of  a plow  always  pays.  Do  not 
leave  it  in  the  ground  at  night,  even  though 
the  job  is  not  finished.  Wipe  off  the  mold- 
board  and  share  so  they  will  hold  their  pol- 
ish. Grease  these  parts  thoroughly  during 
rainy  spells  and  before  putting  the  plow  away 
for  winter.  A little  such  attention  often  saves 
hours  of  hard  labor  in  scouring  a rusty  plow. 


Digitized  by  v^.ooQle 


74 


FARM  KNOWLEDGE 


FIG.  113.  Bottom  view  of  moldboard  plow  indicating 
the  essential  working  parts 


One  handle  is  attached  to  the  moldboard, 
helping  to  brace  the  upper  end  of  it  and  the 
other  is  usually  attached  to  the  beam  high 
enough  to  avoid  dragging  against  the  furrow 
bank.  The  handles  are  separated  and  held 
in  a position  by  brace  rods,  1 being  near  the 
lower  end  and,  generally,  2 at  the  upper  end. 
The  upper  brace  rods  are  the  longer,  thus 
*ving  the  desired  spread  to  the  handles, 
unning  between  the  landside  and  mold- 
board,  there  is  also  an  additional  brace  rod, 
which  supports  both  parts  when  the  pressure 
of  turning  earth  is  thrown  upon  them. 

Small  moldboard  plows.  In  the  North, 
there  is  some  demand  for  small  plows  for 
either  1 or  2 horses,  for  garden  or  small  farm 
use.  Many  of  such  plows,  however,  are  sold 
in  the  South  and  Southwest  also. 

Most  manufacturers  put  these  plows  out  in 
two  types  or  series,  the  blade-land  type  and 
the  sandy-  or  loose-soil  type.  In  both  kinds 
the  sizes  range  from  a 5-inch  to  a 14-inch 
bottom.  The  black-land  plow  has  a long, 
tapering  moldboard  with  a narrow  -pointed 
share.  The  share  is  given  plenty  of  suction 
to  hold  the  plow  in  the  ground.  The  sandy- 
land  plow  has  a broader  moldboard  with  a 
considerably  quicker  turn  than  is  used  on  the 
black-land  plows. 

Although  a sandy  soil  will  generally  scour 
easily,  it  is  not  advisable  to  use  the  long-turn 
moldboard,  for  this  soil  does  not  possess 
sufficient  body  to  carry  the  length  of  the 
board  and  then  turn  into  a dean  furrow  slice. 
It  is  apt  to  edge  over  leaving  much  trash 
exposed.  A short-turn  board,  on  the  other 
hand,  does  good  work  under  such  conditions. 

Middle  breaker.  The  middle  breaker  or 


“middle  buster”  as  it  is  commonly  called,  is 
a double-moldboard  plow  which  throws  a 
furrow  slice  to  both  sides,  leaving  a trench. 
Middle  busters  are  practically  always  made  in 
walking  types  only,  as  listers  use  the  same 
construction,  and  middle-buster  bottoms  can 
be  attached  to  riding  plows.  Middle  breakers 
are  used  principally  m the  southwestern  and 
western  portions  of  our  Great  Plains  states, 
where  it  is  necessanr  to  leave  land  in  ridges 
and  furrows  in  order  to  conserve  moisture 
and  avoid  damage  from  the  wind. 

In  construction,  the  middle  breaker  is  very 
similar  to  the  walking  plow.  The  share  is 
made  in  one  piece,  and  in  appearance  looks 
like  two  ordinary  plowshares,  one  a right-  and 
one  a left-turn,  welded  together  and  forming 
a sharp  ridge  down  the  centre.  The  mold- 
board  wings,  also,  form  the  same  sharp  ridge 
where  they  join,  and,  when  both  share  and 
moldboards  are  attached  to  the  frog,  this  ridge 
is  continuous.  The  moldboard  wings  may  be 
in  one  solid  piece,  like  the  share,  or  in  two 
separate  pieces,  so  as  to  be  easily  removable. 

Sulky  plows.  The  original  sulky  plow 
was  hardly  more  than  a walking  plow  on 
wheels.  It  had  no  frame,  and  was  controlled 
by  hand  levers.  A large  number  of  frameless 
lever-lift  sulkies  is  still  being  manufactured 
every  year,  and  these  plows  find  a great  deal 
of  favor  in  practically  all  sections  of  the 
country.  They  are  usually  lighter  in  weight 
and  less  expensive  than  other  kinds,  and, 
being  short-coupled,  can  be  used  to  make  a 
square  turn  when  it  is  desired  to  plow  ground 
in  lands,  going  around  the  field  to  turn  either 
in  or  out. 

A more  recent  development  of  the  sulky 
plow  is  the  supporting  of  the  beam  in  a frame, 
while  the  operation  of  the  plow  in  raising  and 
lowering  it  is  controlled  by  a foot-lever  lift. 
In  plowing  position,  the  plow  is  locked  in  the 
ground.  This  type  of  sulky  requires  more 
adjustment  and  is  heavier  and  more  expensive 
than  the  frameless  type.  On  the  other  hand, 
it  is  much  easier  to  operate  and,  generally, 
does  better  work,  owing  to  the  fact  that  the 
low  is  held  in  the  ground  at  a more  uniform 
epth. 

Construction  of  frame  riding  plows.  The 
riding  plow  has  all  the  mam  features  of 
the  walking  plow,  in  so  far  as  the  plow  bottom 
and  beam  are  concerned.  In  addition,  the 
beam  is  set  in  a frame  supported  by  3 wheels: 
the  land  wheel,  front  furrow  wheel,  and  rear 
furrow  wheel.  The  two  furrow  wheels  are 
joined  and  held  in  line  by  a long  connecting 
rod  that  extends  from  the  upper  end  of  the 
rear  furrow  wheelpost  to  the  upper  end  of  the 
front  furrow  wheelpost.  This  rod  is  adjust- 
able at  the  rear  connection,  so  that  it  may  be 
shortened  or  lengthened,  thus  changing  the 
angle  of  the  furrow  wheels. 

Furrow  wheelposts  extend  upward  through 
the  back  portion  of  the  frame  and  the  front 
corner  of  the  frame  to  which  the  axles  are 
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attached.  In  front,  a ratchet  and  lever  are 
attached  to  the  front  furrow  wheelpost,  which, 
together  with  the  land-wheel  lever,  are  used 
inleveling  the  plow  and  in  changing  the  depth 
of  furrow. 

At  the  top  of  the  front  furrow  wheelpost 
there  is,  usually,  a little  shift  lever  which  is 
independent  of  the  connecting  rod  and  is  used 
to  change  the  angle  of  the  front-furrow  wheel. 
The  pole  is  also  attached  to  an  iron  extension 
with  a hinge  joint  coming  from  the  top  of  the 
front  furrow  wheelpost. 

Most  frame  riding  plows  are  now  equipped 
with  a foot-lever  lift.  This  is  a double  fever 
within  easy  reach  of  the  operator's  foot,  and 
is  used  to  raise  and  lower  the  plow,  after  the 
desired  depth  has  been  secured,  by  adjusting 
the  land-  and  furrow-wheel  levers. 

The  plow  bottom  is  swung  under  the  frame 
by  long  supporting  rods  which  are  attached 
to  both  sides  of  the  frame  and  to  the  plow 
beam.  There  are  bearings  in  all  3 connec- 
tions, so  that  the  plow  will  work  up  and  down 
freely.  These  supporting  rods  are  known  as 
bales.  Some  plows  are  made  with  a single 
bale;  others,  with  a double  bale,  one  in  the 
front  and  one  in  the  rear. 

A rolling  colter  is  usually  placed  on  a riding 
plow.  This  is  a heavy,  sharp  iron  disc,  at- 
tached by  a yoke  and  spindle  to  the  beam  in 
such  a manner  that  it  runs  just  ahead  of  the 
inside  edge  of  the  moldboard,  cutting  both 
trash  and  soil  so  that  a dean,  even  furrow 
may  be  turned. 

Gang  plows.  The  2-  and  3-bottom  horse- 
drawn  gang  plows  have  been  developed  from 
the  sulky.  The  usual  gang  plow  is  of  the 
frame  type,  having  a foot-lever  lift  and  being 
locked  in  the  ground,  like  the  sulky,  as  des- 
cribed above.  The  2-bottom  gang  is  the 
one  almost  universally  used.  Especially  is 
this  the  case  since  the  advent  of  smaller 
tractors,  which  usually  pull  3 bottoms.  The 
3-bottom  horse  gang  is  cumbersome,  and 
requires  so  much  horsepower  that  the  teams 
are  unwieldy. 

Walking  gangs  are  made  for  use  in  certain 
localities,  such  as  the  wheat  country  in  the 
state  of  Washington,  where  large  areas  are  to 
be  plowed  each  year,  but  where  the  land  is 
rolling,  making  the  use  of  riding  gangs  more 
or  less  inadvisable. 

Tractor  gang  plows.  The  tractor  gang 
plow  is  a very  recent  development,  and  in  the 
course  of  the  last  few  years  has  seen  many 
changes.  The  original  tractor  was  designed 
to  draw  a heavy  load.  Consequently,  heavy 
plows,  ranging  from  6 to  12  in  numbers,  were 
designed.  Most  of  these  plows  have  gone 
to  the  Great  Plains  states  and  Canada,  where 
the  land  is  quite  level,  and  a tremendous  acre- 
age is  plowed  each  year  for  seeding  the  follow- 
ing spring. 

All  heavy  tractor  plows  are  constructed 
with  the  beams  attached  to  a heavy  frame- 
the  rear  portion  of  which  is  set  on  a diagonal. 


The  beams  are  supported  close  to  the  mold- 
board  by  a guide  wheel,  and  are  held  apart  by 
some  form  of  spacer.  Originally,  each  beam 
was  supplied  with  a hand  lever  and  it  was 
necessary  for  one  man  to  ride  on  the  plow  to 
operate  it.  The  demand  for  the  use  of  less 
labor  quickly  caused  the  development  of 
power  lifts,  so  that  at  the  present  time  prac- 
tically all  tractor  plows  are  supplied  with 
some  sort  of  mechanical  lift.  Some  of  these 
lifts  are  so  arranged  that  the  plows  are  raised 
in  order,  starting  with  the  one  on  the  inside. 
Others  lift  two  bottoms  at  once.  They  are  all 
effective  and  answer  the  purpose  for  which 
they  are  designed,  namely,  m doing  away  with 
the  necessity  of  a man  on  the  plow.  As 
indicated  above,  the  general  tendency  is  to 


Fig.  114.  Beam  hitch,  foot-lever  lift,  one-bottom  sulky 
plow 


reduce  the  size  and  weight  of  tractor  plows. 
Even  on  large  farms,  smaller  tractors  are 
being  used;  consequently,  lighter  plows  are 
necessary.  The  ordinary  3-bottom  tractor 
plow  is  built  with  the  beams  securely  fastened 
together  instead  of  each  one  being  free,  as 
in  the  lever  types,  and  the  lift  necessarily 
brings  them  all  up  together. 

Reversible  or  hillside  plows.  The  revers- 
ible, or  hillside,  plows,  as  they  are  vari- 
ously called,  are  made  both  in  the  walking 
and  the  sulky  types.  The  sulky  is  constructed 
with  2 plows,  a right-  and  a left-turn,  sus- 
pended in  a single  frame.  The  mechanism 
is  so  designed  that  first  one  and  then  the  other 
plow  may  be  lowered,  so  that  the  operator 
can  cross  the  field,  plow  a furrow,  turn  around, 
lower  the  other  plow,  and  come  back,  plowing 
a slice  in  the  furrow  just  opened  up.  In  this 
way,  he  can  go  back  ana  forth  across  the 
field  without  making  a dead  furrow  or  plow 
in  lands. 

In  the  walking  plows,  the  bottoms  swivel 
for  either  right-  or  left-hand  furrows,  so  that 
the  land  can  all  be  plowed  one  way.  They  can 
be  equipped  with  either  jointer  or  colter  which 
shifts  automatically  with  the  bottom.  Such 
plows  are  used  in  experimental  fields,  where 
the  presence  of  a dead  furrow  is  undesirable, 
and  on  rolling  and  hilly  land  where  it  is  de- 
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Fig.  115.  Frameless,  lever-lift  type  of  riding  plow.  It 
has  the  advantages  of  light  weight,  low  coat  and  short 
coupling,  making  sharp  turns  possible. 


Birable  to  plow  across  the  slope  in  order  to 
prevent  washing. 

Disc  plows.  Disc  plows  are,  made  in  both 
sulky  and  gang  sizes  as  well  as  larger  units 
for  tractor  use. 

The  disc  plow  is  a distinct  departure  from 
the  ordinary  moldboard  plow  so  common 
throughout  the  country.  Instead  of  a mold- 
board,  a heavy  steel  disc  is  used,  which  is 
set  at  an  angle  and  revolves  around  a centre 
pin  or  axle.  As  the  plow  is  pulled  forward, 
the  disc  both  cuts  and  turns  the  earth  in  a well- 
defined  furrow.  The  disc  plow  is  invariably 
of  the  frameless  type  and  is  operated  by  hand 
levers.  It  is  heavier  and  does  not  handle 
as  easily  as  the  moldboard  types. 

Plows  of  this  type  are  used  extensively  in 
territories  where  the  soil  is  hard  and  dry 
when  plowing  is  to  be  done,  or  where  there  is 
difficulty  in  getting  the  moldboard  plows  to 
scour.  There  are  many  such  places  in  Texas 
and  northward  over  the  Great  Plains  states. 
Farmers  in  Argentina,  South  America,  also, 
are  buying  disc  plows  from  the  United  States, 
particularly  plows  for  use  behind  tractors. 

Deep-tilling  machines.  The  deep-tilling 
machine  is  a development  of  the  disc  plow. 
It  is  built  like  a gang  disc,  but  with  the  back 
disc  set  directly  behind  the  front  one.  It  is 
so  designed  that  the  front  disc  throws  its 
furrow  slice  and  the  back  one  cuts  its  furrow 
slice  out  of  the  bottom  of  the  furrow  just 
made.  In  this  way  very  deep  plowing  can 
be  done.  Plowing  m this  manner  to  a depth 
of  12  to  18  inches  seems  to  be  most  beneficial 
in  regions  of  light  rainfall.  The  loose,  plowed 
soil  collects  and  holds  moisture  much  better 
than  it  will  otherwise,  thus  practically  in- 
suring a crop. 

In  regions  where  rainfall  is  plentiful,  deep 
tilling  has  not  yet  proved  remunerative. 
While  connected  with  the  University  of 


Missouri,  the  writer  made  an  unofficial  test, 
comparing  deep  tilling  done  in  both  fall  and 
spring  with  ordinary  plowing  also  done  in 
both  fall  and  spring.  The  lands  plowed  were 
in  long  strips  in  the  same  field  and  as  nearly 
uniform  in  fertility  as  could  be  selected.  The 
whole  field  was  planted  to  corn  the  following 
spring.  Little  difference  could  be  observed, 
except  that  the  corn  on  the  land  deep  tilled 
in  the  spring  was  somewhat  poorer  than  the 
rest.  This  would  seem  logical,  as  soil  was 
thrown  out  on  top  that  had  never  been  dis- 
turbed before,  ana  had  not  felt,£he  action  of 
those  agencies  that  make  plant  food  available. 

The  subsoil  plow.  Like  deep  tilling,  the 
practice  of  suosoiling  has  shown  itself  to 
Be  most  beneficial  in  regions  of  light  rainfall. 
The  subsoil  plow  follows  directly  behind  the 
surface  plow  stirring  the  soil  in  the  furrow 
bottom.  Sometimes  a small  moldboard  plow 
is  used,  or  a single-shovel  plow  that  stirs  the 
soil  in  the  bottom  of  the  furrow  without  mix- 
ing it  with  the  topsoil.  Another  type  of 
subsoil  plow  has  a long,  narrow  point  with  a 
thin  cutting  blade  that  simply  splits  the  furrow 
bottom  to  a depth  of  several  inches. 

Subsoiling  is  done  with  three  main  things 
in  view:  to  increase  the  water-holding  capacity 
of  the  soil;  to  allow  the  air  to  enter  the  soil 
more  freely;  and  to  encourage  deeper  penetra- 
tion of  plant  roots.  As  mentioned,  this  work 
is  most  practical  in  regions  of  light  rainfall. 
Farmers  in  more  humid  sections  find  it  more 
profitable  to  do  their  subsoiling  with  deep- 
rooted  clovers. 

Sizes  and  types  of  plows  to  use.  The  lay 
of  the  land,  together  with  the  size  of  the  farm, 
will  determine  whether  one  should  buy  a walk- 
ing, sulky,  gang,  or  tractor  gang  plow.  The 
larger  types  of  implements  do  as  good,  and 
often  better,  work  than  the  smaller  ones. 
Their  use  invariably  means  cutting  down  the 
cost  of  crop  production.  When  labor  saving 
is  greater  tnan  interest  charges  this  is  doubly 
appealing  to  the  business  farmer,  because  it 
means  an  actual  saving  of  money  and  another 
link  in  the  solution  of  the  farm-labor  problem. 
Data  from  the  Ontario  Experiment  Farm 
show  that  the  cost  of  plowing  has  been  re- 
duced there  from  $2  per  acre,  with  a single 


Fig.  116.  Deep-tilling  machine  built  on  the  double 
disc  principle 
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plow,  to  $1.25  per  acre  with  a 2-furrow  gang 

Sow  This  reduction  is  largely  due  to  the 
ct  that  one  man  less  was  required  to  accom- 
plish the  same  amount  of  work. 

Sulky  and  gang-plow  adjustments.  The 
foot-lever-lift  type  of  sulky  and  gang  plows 
have  special  means  of  adjustment  which 
should  be  thoroughly  understood  by  every 
farmer,  as  they  have  much  to  do  with  the 
proper  operation  of  the  plow. 

Both  the  front  and  rear  furrow  wheels  of 
either  a sulky  or  a gang  plow  should  run 
straight  ahead  and  toe  squarely  into  the  angle 
of  the  furrow.  The  rod  connecting  the  two 
furrow  wheels  can  be  shortened  or  lengthened 
to  overcome  any  difficulty  with  the  rear  fur- 
row wheel.  The  angle  of  the  front  furrow 
wheel  is  controlled  by  the  pole,  or  a special 
lever  device  at  the  top  of  the  front  furrow 

the  iron  to  which  the  pofe  is  attached^is  re- 
versible, and  can  be  shifted  in  such  a manner 
as  to  make  the  pole  stand  square..  If  the 
front  furrow  wheel  does  not  toe  into  the 
angle  of  the  furrow,  the  wheel  can  usually  be 
shifted  on  the  axle  until  it  is  in  the  desired 
position.  w . - i 

Jn  some  makes  of  plows,  the  position  of  the 
rear  furrow  wheel  can  be  changed  by  a simple 
adjustment  in  the  rear,  which  causes  this 
wheel  to  hug  the  furrow  bank  closer  and  inj 
that  way  take  off  the  pressure  from  the  land- 
side.  If  this  is  not  done,  the  landside  will 
drag  and  in  a very  short  time  will  wear  to  a 
thin  sharp  edge  on  the  lower  side  and  will 
gradually  wear  completely  out. . Where  this 
pressure  is  taken  from  the  landside,  the  draft 
of  the  plow  is  considerably  reduced. 

If  the  plow  does  not  take  the  ground  prop- 
erly, even  though  the  levers  are  down,  it 
should  be  given  more  suck.  Practically 
all  plows  have  an  adjustment  whereby  the 
pitch  of  the  beam  may  be  raised  or  lowered, 
m order  that  this  may  be  accomplished.  . 

Other  common  causes  of  lack  of  penetration 
are  dull  rolling  colters,  dull  shares,  and  a 
slipping  of  the  frame  on  the  rear  furrow  wheel- 
post. 

Keep  the  colters  sharp  enough  to  cut 
through  trash,  stubble,  or  sod  as  the  case  may 


be.  In  dry  ground,  set  the  hub  of  the  colter 
about  3 inches  back  of  the  point  of  the  plow 
and  in  stubble  land  it  is  only  necessary  to 
run  it  from  1}  to  2J  inches  deep.  In  sod, 
the  colter  should  cut  through  the  mass  of 
roots,  if  a good  job  is  to  be  done. 

Shares  should  not  only  be  kept  as  sharp 
as  possible,  but  should  be  set  as  nearly  like 
a new  one  of  the  same  make  as  can  be  done. 
Various  makers  have  ways  of  their  own  for 
sharpening  and  setting  shares,  the  appearance 
of  which  should  be  maintained.  To  do  this, 
it  will  be  necessary  to  keep  a new  pattern 
share  on  hand  to  serve  as  a model  for  the 
blacksmith. 

As  mentioned  above,  the  rear  furrow  wheel 
should  take  the  pressure  from  the  landside. 
In  most  frame  plows,  the  frame  is  supported 
on  the  rear  furrow  wheelpost  by  a collar  and 
set  screw.  If  this  adjustment  slips,  the  frame 
sags  down,  and  the  plow  is  running  like  a sled 
with  heel  downturn  point  up.  In  this  case, 
raise  the  frame  until  there  is  a half  iqdi 
clearance  under  the  heel  of  the  landside 
when  the  plow  is  standing  on  a level  sur- 
face. 

One  of  the  great  difficulties  of  most  2- 
bottom  gang  plows  lies  in  the  fact  that  they 
develop  side  draft.  This  is  particularly 
true  where  4 horses  are  hitched  abreast.  In 
order  that  a gang  plow  may  pull  straight 
ahead  like  a wagon,  the  hitch  must  be  placed 
to  pull  from  about  the  centre  of  the  line  of 
actual  draft,  then  the  equalizers  must  be  so 
built  that  the  pull  of  the  4 horses  working 
together  comes  back  to  this  point. 

* Many  plows  are  so  constructed  that  it  is 
practically  impossible  to  run  them  without 
Bide  draft  when  4 horses  are  working  abreast. 
In  that  case,  it  is  much  better  to  use  a strung- 
out  hitch.  All  gang  plows  will  work  better 
with  a strung-out  hitch  than  where  4 horses 
are  used  abreast;  and  where  5 horses  are  used, 
this  type  ^of  hitch  should  be  the  only  one 
considered. 

Where  the  horses  in  the  team 
do  not  work  at  the  same  speed, 
or  where  there  are  one  or 


Fig  117  A three-bottom  tractor^gang  plow.  As  long  as  power  is  available  to  pull  them  every  added  bottom  raeana 

one  more  man  released  lor  other  work 
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pull  against  the  other  and  prevent 
lazy  horses  from  shirking. 

Correct  engine  plowing.  Lay 
off  the  field  m headlands  from 
200  to  400  feet  wide,  so  that  dead 
furrows  will  not  be  too  frequent, 
and  still  the  time  consumed  in 
traveling  across  the  ends  will  not 
be  excessive.  Leave  strips  at 
each  end  wide  enough  to  turn 
on  with  ease.  Leave  a strip  of 
the  same  width  on  each  side  of 
the  field.  When  the  headlands 
have  been  plowed,  start  around 
the  field,  plowing  out  ends  and 
side  strips.  In  this  way,  the 
whole  field  can  be  nicely  plowed 
Fig.  118.  A three-disc  tractor  plow;  a type  especially  fitted  for  use  out,  except  the  comers. 

in  hard,  dry  soils  or  where  moldboards  fail  to  scour  well  Plowing  in  a circle  leaves  un- 

plowed  strips  at  first,  when  turn- 
more  lazy  animals,  it  is  a good  plan  in  making  ing  is  short,  and  leaves  too  much  unplowed 
a strung-out  hitch  to  attach  a pulley  at  the  and  in  the  comers.  Such  plowing  is  also  very 
hitch  on  the  plow,  run  a chain  through  this  hard  on  the  plow,  which  is  in  a position  of 
pulley,  attaching  one  end  to  the  rod  running  constant  stram  all  the  time.  The  life  of  a 
out  to  the  lead  team  and  the  other  end  to  the  plow  so  used  will  necessarily  be  short  and  the 
rear  equalizer.  This  will  make  one  team  quality  of  its  work  inferior- 

Harrows 

There  are  3 general  types  of  harrows  in  use:  the  drag,  or  spike-tooth  harrows; 
the  spring-tooth  harrow;  and  the  disc  harrow.  All  of  these  have  variations  in 
design  which  make  them  adaptable  for  various  purposes. 

Drag  harrows.  There  are  3 common  a small  harrow  attachment  for  sulky  and  gang 
types  of  drag  harrows  in  use.  The  rigid  plows,  which  is  attached  to  the  plow  and 
wood-bar  harrow  which  is  made  by  driving  breaks  up  the  soil  at  the  same  time  it  is  turned 
the  sharp  spike  teeth  through  a solid  bar  of  over.  Where  soils  are  not  too  heavy,  this 
wood  and  bolting  these  bars  together  to  form  attachment  does  exceedingly  good  work  and 
a section.  The  bars  are  arranged  in  various  can  be  universally  recommended, 
ways,  in  the  attempt  to  make  a strong  harrow,  Spring-tooth  harrows.  A spring-tooth  har- 
but,  usually,  the  same  purpose  is  served,  row  is  made  with  curved  spring  steel 
These  harrows  have  no  levers,  and  the  teeth  . teeth  which  are  firmly  bolted  to  wooden  or 
are  generally  set  at  a slant  which  can  never  iron  bars.  The  new  types  of  spring-tooth 
be  changed.  Their  use  is  more  common  on  harrows  are  fitted  with  levers,  so  that  the 
level  lands,  where  very  little  trash  can  accu-  teeth  can  be  raised  or  lowered.  Many  of 

mulate  on  the  surface  after  plowing  is  done.  them  have  an  iron  side  bar,  which,  when  the 

The  same  construction  is  used  to  form  an-  teeth  are  completely  raised,  acts  as  a sled  to 
other  harrow  in  which  the  teeth  are  driven  transport  the  harrow. 

through  wooden  bars;  but  here  the  harrows  The  use  of  this  implement  is  more  general 
are  equipped  with  levers,  and  the  teeth  can  in  the  East  than  in  other  sections  of  the  coun- 
be  adjusted  to  practically  any  angle.  This  try.  It  works  up  the  ground  much  deeper 
harrow  is  very  similar  in  construction  to  the  than  the  drag  harrow,  and  is  especially  well 
steel-bar-lever  harrow;  but,  in  the  latter,  adapted  to  stony  or  stumpy  ground  where  the 
the  teeth  are  bolted  firmly  to  steel  bars,  disc  harrow  cannot  be  used  to  advantage, 
generally  U-shaped,  to  secure  greater  strength.  A variation  of  the  spring-tooth  harrow  is 

In  both  cases,  the  harrows  are  made  up  in  found  in  the  alfalfa  cultivator.  This  tool 

sections  and  are  sold  usually  ranging  from  was  made  by  bringing  to  a point  the  broad 
2 to  4 sections  to  the  harrow.  The  choice  ends  of  the  spring  teeth,  so  that,  instead  of 
between  these  2 harrows  is  purely  a matter  being  an  implement  that  will  thoroughly 
of  opinion.  The  wood-bar-lever  narrow  is  a tear  up  the  soil,  the  pointed  teeth  merely 
little  lighter,  and  usually  the  teeth  stay  in  scratch  and  dig.  This  type  of  harrow  is 
position  somewhat  better  than  on  the  steel-bar  very  efficient  in  digging  out  blue  grass  and 
types.  weeds  which  come  into  alfalfa  fields,  but  does 

A variation  of  the  drag  harrow  is  found  in  no  harm  to  the  alfalfa  plants  themselves. 
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It  makes,  therefore,  an  ideal  implement  for 
the  cultivation  of  alfalfa. 

The  acme  harrow.  The  acme  harrow  is 
constructed  of  long,  heavy  knife  blades 
attached  at  the  forward  ends  to  a heavy  bar. 
Each  blade  is  notched  about  the  middle, 
the  front  part  curving  slightly  in  one  direction 
and  the  back  part  curving  in  the  opposite 
direction.  These  blades  are  set  about  8 
inches  apart,  or  close  enough  to  thoroughly 
work  the  soil. 

This  peculiar  construction  allows  the  acme 
harrow  to  cut  and  slightly  turn  the  soil, 
making  it  an  efficient  implement  in  the  prep- 
aration of  a seedbed.  It  both  levels  and 
pulverizes,  thus  doing  the  work  of  disc  and 
drag  harrow  at  the  same  time. 

This  harrow  may  be  found  in  all  sections 
of  the  country,  but  is  especially  esteemed  in 
the  East.  In  the  com  belt  the  disc  harrow 
has  displaced  the  acme  because  of  the  ability 
of  the  former  to  prepare  a good  seedbed  on 
stalk  land  for  spring  seeding  without  the  use 
of  a plow.  The  disc  is  also  more  effective  as 
a pulverizer  on  plowed  land. 

Disc  harrows.  The  disc  harrow  is  a com- 
paratively recent  invention,  differing  so 
widely  from  ordinary  harrows  that  it  seems 
more  akin  to  the  plow  than  to  the  harrows. 
In  action  it  both  cuts  and  turns  the  soil, 
doing  more  to  pulverize  and  compact  it, 
as  well  as  to  kill  weeds,  than  any  other  farm 
implement  except  the  plow. 

The  disc  harrow  serves  in  more  useful 
ways  than  any  other  tool  on  the  farm.  It 
has  been  found  that  stalk  land  when  thor- 
oughly disked  is  in  splendid  condition  for 
seeding  spring  grain. 

Land  to  be  planted  to  com,  cotton,  and 
other  cultivated  crops  should  be  disked  ahead 
of  the  plow,  as  loose  fine  earth  is  then  turned 
down  to  the  bottom  of  the  furrow 
slice,  where  most  of  the  roots  of 
any  growing  crop  will  be  found. 

Plowed  land  should  be  disked 
to  prepare  for  a culti- 
vated crop,  as  weeds 
can  be  quickly  and 
easily  killed  in  this 
way.  The  ground  is 
made  fine  and  mellow 
on  top  and  compacted 
somewhat  beneath. 

This  is  the  best  kind  of 
seedbed  for  any  crop. 


Fig.  120.  Spring-tooth  harrows  are  especially  popular 
in  eastern  sections.  This  is  a riding  type  with  runners 
and  wheels 

Hard,  dry  ground  may  be  put  in  shape  for 
plowing  by  first  using  the  disc.  Even  a light 
mulch  will  cause  the  retention  of  enough 
moisture,  as  it  rises  from  below,  to  cause  the 
soil  to  become  mellow  enough  for  satisfactory 
plowing. 

Where  stubble  lands  are  to  be  fall  plowed 
it  is  an  excellent  practice  to  run  a disc  directly 
behind  the  binder;  the  soil  then  does  not  be- 
come dry  and  hard,  and  can  be  plowed  to 
advantage  any  time  after  the  crop  is  removed. 
When  a tractor  is  used  to  pull  the  binder,  the 
disc  may  be  tied  directly  to  the  binder,  as 
there  is  plenty  of  power  to  handle  both. 

Construction  of  disc  harrows.  The  ordi- 
nary farm  disc  harrow  may  be  made  with 
solid  discs,  with  cutaway  discs,  in  which  por- 
tions of  the  outer  edge  of  the  discs  are  cut  out, 
leaving  squared-off  projections  which  are 
intended  to  dig  a little  better,  or  with  spading 
discs.  Instead  of  a solid  wheel,  the  spading 
disc  is  cut  into  many  sections  completely 
down  to  the  axle,  the  idea  being  to  increase 
the  power  to  penetrate  the  sou  to  greater 
depth. 

Actual  experience  has  shown,  however,  that 
the  solid  disc,  when  kept  well  sharpened,  not 
only  wears  better,  but  usually  does  better  all- 
round work,  than  the  other  types. 

Tandem  disc  harrows.  The  tandem  disc 
harrow  is  formed  by  attaching  a trailer 
directly  behind  an  ordinary  farm  disc.  This 
trailer  throws  the  soil  in  the  opposite  direc- 
tion to  the  first  set  of  discs.  When  the  ground 
is  (jone  over  once  with  this  implement? it  is  cut 
twice.  The  saving  of  time  is  an  important 
item  and  the  work  is  generally  very  satis- 
factory. Tandem  disc  harrows  are  made 
both  solid  in  front  and  rear  or 
cutaway  front  and  rear,  but  the 
usual  style  is  to  use  solid  discs 
in  front  and  cutaway  in  rear. 

Reversible  disc 
harrows.  Another 
variation  of  the  ordi- 
nary farm  disc  is  what 
is  known  as  the  revers- 
ible harrow.  This  im- 
plement is  made  by  at- 
taching a gang  of  discs 
to  the  irame  by  means 
of  an  upright  spindle, 


Fig.  121.  The  acme  harrow  leaves  a splendid  seed- 
bed, but  for  best  results  it  requires  a soil  in  good  con- 
dition in  the  first  place. 
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Fig.  122.  Orchard  harrow 
extension 


set  up  close  to  the 
outer  edge  of  the 
gang.  When  in  one 
position,  the  im- 
plement looks  like 
an  ordinary  disc 
harrow,  but  the 
gangs  can  be  swung 
around  so  as  to 
leave  a wide  space 
between  the  two.  This  type  of  harrow  is 
found  in  common  use  in  the  South  in  prepar- 
ing for  cotton.  It  is  of  special  advantage  in 
throwing  down  the  ridges  made  by  the 
cultivation  of  cotton,  com,  or  sweet  potatoes. 
The  reversible  feature  allows  this  work  to  be 
done  to  the  best  advantage. 

Orchard  harrows.  The  orchard  harrow 
is  made  on  the  same  principle  as  the  reversible 
disc,  but  the  disc  gangs  are  placed  out  on  the 
end  of  an  extension.  This  construction 
makes  it  possible  to  work  under  trees  to  good 
advantage  with  a disc  harrow,  which  could 
not  be  done  with  an  ordinaryi  implement. 
These  tools  are  coming  into  general  favor  in 
practically  all  sections  of  the  country  where 
orcharding  is  followed  as  a business. 

Tractor  disc  harrows.  Disc  harrows,  both 
single  and  tandem,  are  now  being  made 
for  use  behind  tractors.  They  are  built 
along  the  general  lines  of  the  ordinary  disc 
harrow,  but  made  heavier  throughout.  The 
style  of  disc  is  the  same  as  for  horse-drawn 
harrows,  being  either  solid  or  cutaway,  or 
both.  They  should  always  be  equipped  with 
tongue  trucks  and^weight  boxes,  in  order  that 
sufficient  weight  may  be  put  on  to  make  them 
take  the  ground  to  best  advantage.  There  is 
usually  plenty  of  power  when  the  tractor  is 
used  so  that  a good  job  of  disking  may  be 
done.  Double  disking  in  this  manner  where 
oats,  spring  wheat,  or  barley  is  to  be  seeded  on 


Fig.  124.  Wheat  plots  comparing  results  of  growing  oats  be- 
fore seeding  (a)  and  of  summer  cultivating  or  fallowing  (4) 

stalk  land  in  the  com  belt,  is  becoming  a 
favorite  practice  and  gives  excellent  results. 

Disc  harrow  sizes.  Disc  harrows  are 
made  in  a wide  range  of  sizes,  both  as  to 
length  and  height  of  discs.  The  16-inch  disc 
has  proved  the  most  popular,  however,  and 
the  bulk  of  disc  harrows  sold  are  of  this 
height.  The  length  of  the  disc  harrow  depends 
on  many  things,  principally  the  work  to  be 


Fig.  123.  A tongueless  disc  harrow,  the  truck  serving  to  reduce 
the  draft,  which  in  any  disc  machine  is  considerable 


Fig.  125.  Combined  disc  and  cutaway  harrow 

done  and  the  horsepower  available.  In  the 
com  belt,  2 sizes  predominate— the  8-  and  10- 
foot  discs.  The  8-foot  disc  will  take  2 com 
rows  nicely  when  disking  stalks,  leaving  a 
short  lap.  The  10-foot  disc  will  just  uproot 
3 rows.  The  9-foot  disc  will  not  reach  the 
third  row,  consequently  it  leaves  a wide  lap. 
It  takes  more  horaepower  than  the  8-foot,  and 
is  no  more  efficient.  It  is,  therefore,  being 
rapidly  discarded  in  favor  of  one  of  the  other 
sizes. 

Tongue  trucks.  A tongue  truck 
Bhould  always  be  used  on  a disc 
harrow.  It  steadies  the  disc,  so  that 
better  work  can  be  done,  and  at  the 
same  time  takes  the  weight  off  of 
the  horses’  necks.  It  also  elimi- 
nates most  of  the  violent  swaying 
of  the  pole  which  always  annoys  and 
often  injures  the  animals  next  to  it 
if  the  truck  is  not  used. 

Land  Rollers  and  Packers 

There  are  three  distinct  types  of 
land  rollers  in  use — the  flat  roller, 
either  iron  or  wood,  the  corrugated 
iron  roller,  and  the  subsurface  packer. 

Flat  rollers.  Flat  rollers  are 
designed  as  clod  crushers,  and  have 
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been  used  for  this  purpose  almost  exclu- 
sively. It  has  been  found,  however,  that 
land  rolled  down  smoothly  is  crusted  badly  by 
a heavy  rain.  In  addition,  as  capillary  water 
rises  to  the  surface,  evaporation  takes  place 
much  quicker  from  the  smooth,  compact 
surface. 

Both  of  these  conditions  have  been  so  uni- 
versally noticed  that  the  use  of  a drag  har- 
row following  a flat  roller  is  always  recom- 
mended. 

Corrugated  rollers.  Corrugated-iron  rollers 
are  made  with  either  solid  or  hollow  iron 
wheels  which  come  to  a rather  sharp  edge 
on  the  outer  circumference.  This  corru- 
ption may  be  from  1 to  3 inches  deep,  curv- 
ing out  to  form  a flange  on  either  side.  The 
edges  of  the  flange  on  adjoining  wheels  touch 
one  another  leaving  the  corrugations’  from 
3 to  5 inches  apart.  It  will  be  readily  seen 
that  not  only  will  this  type  of  roller  crush 
clods,  but  that  the  corrugations  will  cut  into 
the  soil,  causing  some  subsurface  packing. 

Corrugated  rollers  are  made  on  a straight 
spindle  or  in  sections.  Those  made  in  sec- 
tions are  more  flexible  and  will  do  a better 
job  where  the  land  is  uneven. 

The  heights  of  the  roller  wheels  vary  widely, 
most  of  them  ranging  from  16  to  20  inches. 
These  higher  wheels  are  used  exclusively  on 
the  single  rollers.  Where  a trailer  is  used, 
forming  a double  roller,  the  height  of  the 
wheels  is  greatly  reduced,  ranging  from  8 to 
12  inches. 


The  question  is  often  asked  as  to  which 
type  of  roller  is  to  be  preferred.  Both  single 
and  double  rollers  do  good  work.  The  single 
roller  is  a little  easier  to  handle  in  stalk  land 
that  has  been  disked  up  for  oats  or  other 
small  grain.  Where  the  soil  is  very  mellow 
and  contains  stalks  or  trash,  this  material 
is  apt  to  push  ahead  to  a certain  extent  of  the 
small-wheeled  roller.  Other  than  this,  little 
criticism  can  be  made  of  either  type.  Every 
farmer  who  grows  com  and  small  grain  should 
have  a corrugated  roller. 


Rolling  spring-sown  grain.  Where  oats 
or  other  small  grain  follows  com,  the  land  is 
usually  disked  and  the  grain  broadcasted 

or  drilled.  In  ei-  ther  case,  the 

corrugated  roller  can  be  used  to 

great  advantage  as  the  last 


J6.  Common,  metal  land  roller,  an  implement 
that  could  and  should  be  more  widely  used 


FlG.  1260.  One  form  of  soil  packer,  an  implement  par- 
ticularly useful  on  light,  loose  soils 


thing  in  the  seedbed  preparation.  In  Grundy 
County,  Illinois,  members  of  the  Agricultural 
Improvement  Association  made  tests  showing 
the  effect  of  the  corrugated  roller  used  at 
this  time.  Where  oats  were  broadcasted, 
the  stand  was  increased  about  30  per  cent. 
This  was  evidently  due  to  pressing  kernels, 
that  had  not  been  covered,  into  the  soil,  and 
also  to  the  fact  that  the  soil  was  pressed  firmly 
around  practically  all  the  seed,  holding  the 
moisture  and  thus  causing  rapid  germination. 
Usually,  in  broadcasting,  many  kernels  lie 
near  the  surface,  or  in  crevices  where  there 
is  little  or  no  fine  dirt,  dry  out  shortly,  and 
never  grow. 

Rolling  winter  wheat  and  other  small  grain. 
Rolling  winter  wheat  in  the  spring  as  soon  as 
the  ground  is  dry  enough  to  work  is  an 
exceedingly  profitable  practice.  The  roller 
closes  the  cracks  left  by  the  freezing  and  thaw- 
ing weather  of  early  spring.  This  not  only 
covers  the  exposed  roots,  but  saves  moisture. 
In  a few  days  after  rolling,  a piece  of  wheat 
that  has  appeared  quite  dead,  and  which 
probably  would  never  have  come  out  except 
under  the  most  favorable  weather  will  begin 
to  show  life. 

Oats,  barley,  and  spring  wheat  can  all  be 
benefited  by  rolling  in  a dry  spring,  even  after 
the  plants  are  3 or  4 inches  high.  It  will  be 
better,  however,  to  roll  at  the  time  of  seeding 
as  explained  above. 

Rolling  ahead  of  the  com  planter.  In 
any  section  where  com  is  grown,  it  is  excellent 
practice  to  run  a corrugated  roller  ahead  of 
the  planter.  This  firms  the  land  sufficiently 
to  enable  the  com  to  be  planted  at  a uniform 
depth;  neither  does  the  planter  run  too  deep. 

It  is  common  practice  in  the  com  belt  to 
use  the  drag  harrow  as  soon  as  planting  is 
finished,  usually  crossing  the  rows.  If  the 
ground  is  very  mellow  and  not  rolled,  the  com 
planter  tracks  are  filled,  burying  the  com  from 
3 to  5 inches  deep.  Under  this  condition, 
even  in  favorable  weather,  the  vitality  of 
the  seed  is  exhausted  before  the  plants  get 
out  of  the  ground,  and  in  cool,  wet  weather 
the  kernels  often  rot. 

Where  the  roller  is  used,  the  com  is  planted 
shallow;  and,  if  the  soil  is  dry,  the  compacting 
of  the  roller  causes  enough  moisture  to  rise 
and  collect  around  the  seed  for  germination. 
If  the  weather  is  wet,  the  seed  is  still  close 
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Fig.  127.  Two  modified  forms  of  subsoil  roller  or  packer.  Implements  of  this  type  have  been  most  developed 
and  most  utilized  in  the  dry-farming  operations  of  the  semi-arid  West 


enough  to  the  surface  to  get  enough  air  to 
prevent  decay. 

The  subsurface  packer.  The  subsurface 
packer  is  more  like  a corrugated  roller  than 
any  other  tool.  The  wheels  are  farther 
apart,  generally  open,  with  a sharp  rim. 
It  is  the  object  of  this  tool  to  cut  rather 
deeply  into  the  soil,  splitting  clods,  and, 


most  of  all,  to  firm  the  bottom  of  the  furrow 
slice. 

The  subsurface  packer  has  found  great 
favor  in  regions  of  light  rainfall,  where  a 
seedbed  that  is  firm  underneath  and  fine  on 
top  holds  moisture  to  best  advantage  and 
presents  the  most  ideal  condition  for  the 
growth  of  crops. 


Cultivators 

There  are  a great  many  cultivators  on  the  market  and  they  present  a large 
number  of  varieties  of  construction  and  manner  of  operation,  most  of  which,  how- 
ever, are  but  different  means  of  accomplishing  the  same  end.  AJ1  cultivators 
may  be  divided  into  4 classes,  according  to  construction — shovel,  disc,  spike- 
tooth,  and  surface — and  into  2 general  classes,  in  reference  to  soil  topography, 
namely,  those  adapted  to  hilly  fields,  and  those  for  use  on  level  or  slightly  rolling 
lands. 


Pivot-frame  and  pivot-axle  cultivators. 
With  hilly  fields,  the  best  practice  is  to  culti- 
vate them  across  the  slope,  to  prevent  wash- 
ing. This  procedure  presents  a difficulty  at 
the  outset  in  managing  the  cultivator. 

For  this  kind  ot  work  there  are  2 general 
types  of  cultivators  now  in  use,  the  pivot- 
frame  and  the  pivot-axle.  Both  of  these  im- 
plements allow  the  operator  to  incline  the 
wheels  up  the  slope,  in  order  to  keep  the  ma- 
chine to  its  work.  The  pivot-frame  accom- 
plishes this  by  changing  the  direction  of  the 
pole,  without  interfering  with  the  team,  while 
the  pivot-axle  works  directly  on  the  wheels, 
changing  their  direc- 
tion immediately,  ac- 
cording to  the  way 
the  operator  pushes 
his  foot.  In  both  im- 


Fig. 128.  The  one-horse,  single  shovel  plow  was 
one  of  the  first  cultivators  and  the  ancestor  of  our  mod- 
ern highly  efficient  soil -stirring  implements. 


plements  the  same  device  is  used  in  dodging, 
whenever  this  is  necessary. 

The  two-row  cultivator.  On  account  of 
the  growing  scarcity  of  farm  labor,  the  2-row 
cultivator  is  coming  more  and  more  into  favor 
on  the  larger  farms,  where  the  land  is  not  so 
rolling  as  to  prevent  its  use.  Many  makes 
are  now  so  improved  that  the  work  that  can 
be  done  with  them  is  equally  as  good  as  that 
of  the  1-row  machines,  while  the  cost  of  the 
work  is  greatly  reduced. 

A good  2-row  cultivator  must  have  a strong, 
well-supported  frame,  to  prevent  sagging. 
A multiplicity  of  levers  should  be  avoided. 
The  dodging  action  should  be  positive,  that 
is,  the  gangs  should  shift  in  the  same  direction 
as  the  foot  is  pushed. 

It  should  be  borne  in  mind,  when  using  a 2- 
row  cultivator  lengthwise  of  the  field,  that  the 
cultivator  must  follow  the  planter,  otherwise, 
a little  crook  will  be  found  in  one  row  that 
is  not  in  the  other,  and  some  hills  of  com  will 
be  plowed  up. 

The  disc  cultivator.  The  disc  cultivator 
is  a distinct  departure  in  principle  from  all 
other  types  of  cultivators.  Like  the  disc 
harrow,  it  cuts  and  turns  the  soil  instead 
of  tearing  it.  It  is  especially  adapted  to 
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land  infested  with  morning-glories,  quack 
grass,  smart  weed  and  other  strong-growing 
weeds  that  are  hard  to  eradicate.  The  discs 
will  not  dodge  around  a tough  root,  and  are 
not  easily  loaded  up  as  is  a shovel  or  scraper 
blade. 

The  gangs  of  a disc  cultivator  are  reversible, 
and  can  be  set  to  throw  the  dirt  toward  the 
crop  or  away  from  it.  Each  cultivator  should 
be  supplied  with  knife  levelers  which  work 
in  the  opposite  direction  to  the  gangs,  thus 
reventing  hilling  the  com  or  leaving  a thin 
are  ridge  when  throwing  the  dirt  from  the 
crop. 

The  listed  com  cultivator.  This  cultivator 
also  is  of  the  disc  type,  and  is  usually  built 
as  a 2-row  machine.  Listed  com  is  planted 
in  the  bottom  of  a trench;  and  it  is  the  object 
of  this  implement  to  fill  the  trench  gradually, 
as  the  com  grows,  until  the  land  is  level 
enough  to  use  an  ordinary  cultivator. 

This  cultivator  has  a low,  heavy  frame  to 
which  the  cultivating  gangs  are  attached. 
They  have  free  side  play  through  roller  bear- 
ings. This  enables  the  discs  to  follow  the 
trenches,  and  avoids  cutting  out  the  growing 
crop.  The  success  of  this  cultivator  depends, 
therefore,  on  its  ability  to  follow  the  inequali- 
ties of  the  trenches  closely. 

The  surface  cultivator.  The  surface  culti- 
vator is  usually  fitted  with  2 scraper  blades  on 
each  side,  in  the  place  of  shovel  gangs.  Each 
blade  is  attached  to  a single  standard,  where 
adjustments  to  change  the  angle  and  pitch 
of  the  blade  are  provided. 

The  tending  of  all  kinds  of  cultivated  crops 
with  this  tool  is  rapidly  coming  into  favor. 
Owing  to  the  fact  that  the  blades  may  easily 
get  out  of  position  and  do  little  or  no  good 
instead  of  the  first  class  work  of  which  they 
are  capable,  the  following  specific  directions 
are  given  for  adjusting  a surface  cultivator. 


Fig.  129.  Steel  frame  disc  cultivator  with  discs  set  to 
hill  up  along  the  row 


Fig.  129a.  Two-row,  riding  cultivator,  one  of  the 
means  by  which  a farmer  can  win  his  battle  against 
drought  and  weeds. 


How  to  adjust  a surface  cultivator.  Pre- 
pare the  cultivator  for  the  season  by  sharpen- 
ing and  polishing  its  blades. 

Surface  cultivators  are  usually  supplied 
with  2 blades  which  are  somewhat  narrower  at 
the  heel  and  2 which  are  of  the  same,  or  nearly 
the  same,  width  throughout.  Place  the  nar- 
row pair  on  the  outside,  and  have  the  other 
pair  trimmed  down  by  a blacksmith  to  not 
more  than  2 inches  at  the  heel.  Place  these 
next  to  the  row.  Run  the  machine  on  a level 
surface — a floor  or  a plank  will  do — raising 
the  tongue  to  the  height  carried  by  the  team. 

Loosen  all  set  nuts,  using  kerosene  and  oil, 
and  level  all  the  blades  with  the  surface  on 
which  the  wheels  rest;  set  them  as  nearly  flat 
as  the  knuckles  or  blades  will  allow,  and  with 
as  little  angle  to  the  row  as  will  safely  cover 
the  surface.  It  will  be  found  that  the  blades 
will  clear  themselves  of  trash  best  if  the  point 
runs  slightly  higher  than  the  heel.  This  is 
particularly  true  in  spring-plowed  stalk 
ground.  Use  a rigid  shield;  if  the  machine 
is  supplied  with  a floating  shield,  lock  it. 
Place  the  blades  about  4 inches  apart  and  just 
high  enough  to  permit  enough  soil  to  run 
under  them  and  reach  the  row  covering  the 
small  weeds  that  may  have  started  at  the  hill. 
Blades  should  run  only  deep  enough  to  keep 
soil  flowing  over  them  thus  leaving  a mulch  be- 
tween rows. 

For  the  second  cultivation,  lower  the  stand- 
ards carrying  the  outside  blades  a half  inch. 
Move  the  gangs  a little  farther  apart  and  turn 
blades  to  a slightly  greater  angle  with  the  row. 
This  will  be  the  deepest  cultivation.  At  any 
rate,  the  following  cultivation  should  be  more 
shallow.  For  the  third  crossing,  lower  the 
outside  blades  another  half  inch  and  set  the 
gangs  farther  from  the  row. 

The  fourth  cultivation  should  lay  the  corn 
by  ; set  the  outside  blades  flat  once  more,'  and 
raise  the  inside  ones  at  the  heel,  so  that  they 
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will  only  have  the  dirt  run  over  them  when 
crossing  the  ridges. 

Don*!  stir  loose  dry  soil,  if  not  weedy; 
and  don’t  get  close  to  corn  when  ground  is 
wet,  thinking  it  will  do  less  harm  to  the  roots. 
Don't  cultivate  in  wet  soil  anyway,  if  you  can 
help  it.  Try  to  move  just  as  little  soil  as  pos- 
sible. Have  a good  seedbed,  and  make  it  as 
level  as  you  can.  Don’t  be  afraid  to  get  close 
the  first  time,  but  keep  away  the  third  and 
fourth. 

Remember  the  machine  may  get  out  of 
adjustment.  Check  up  on  the  blades  often 
by  placing  a straightedge  under  them.  Never 
let  any  blade  scrape  the  loose  topsoil  away,  if 
it  won’t  stay  under,  find  out  why. 

The  weeder.  The  weeder  is  really  a spring- 
toothed  cultivator  with  very  narrow  pointed 
teeth.  These  tools  are  built  in  sizes  to  take 
from  2 to)4  rows  at  a time.  The  3-row  weeder 
is  the  size  usually  found  in  the  com  belt. 


Fig.  130.  Reversible  riding  disc  harrow,  with  the  discs 
set  dose  so  as  to  throw  the  soil  away  from  the  row;  and 
(a)  with  discs  spread  and  reversed  so  as  to  straddle  a row 


Fig.  131.  Riding  cultivator  equipped  with  surface 
cultivator  blades  and,  behind  them,  surface  smoothing 
rakes  to  break  down  clods  and  ridges. 


The  most  improved  types  of  weeders  are 
mounted  on  wheels  and  equipped  with  a 
spring-pressure  lever  to  adjust  the  depth  of  the 
teeth. 

A weeder  can  be  used  to  advantage  in  tend- 
ing practically  any  cultivated  crop  during  the 
first  period  of  its  growth.  Where  the  weeder 
is  run  over  a field  just  as  the  crop  is  coming  up, 
any  crust  that  may  have  formed  is  broken 
and  the  sprouting  weeds  are  destroyed  in 
great  numbers.  This  operation  can  be  re- 
peated in  a few  days  and  will  both  keep  back 
the  weeds  and  leave  the  ground  in  such  good 
condition  that  the  crop  will  generally  get  to  a 
sufficient  height  to  be  easily  cultivated  before 
it  is  necessary  to  put  a cultivator  in  the  field. 


Shovel  versus  Surface  Cultivator 

We  usually  expect  to  attain  3 objects  by  cultivation,  namely:  to  kill  weeds, 
to  save  moisture,  and  to  aerate  the  soil.  The  University  of  Illinois  has  made  re- 
peated tests  which  show  conclusively  that  killing  weeds  has  more  effect  on  the 
crop  than  any  other  factor,  and  that  cultiva- 
tion need  only  be  deep  enough  to  accomplish 
this.  This  being  the  case,  the  use  of  a shovel 
cultivator  throughout  the  growing  season, 
especially  if  run  to  any  depth,  is  harmful  since 
many  of  the  roots  of  the  crop  are  badly  pruned 
by  it  while  the  weeds  are  being  eliminated. 

Many  of  the  best  com  growers  over  the 
whole  country  are  using  surface  cultivators  altogether.  Many  more  are  using 
combination  rigs,  discarding  the  shovels  after  the  second  cultivation  in  favor  of 
the  scraper  blades. 

Practically  all  of  the  machines  described  above,  except  the  disc,  can  be  secured 
equipped  with  shovels  or  scraper  blades.  Owing  to  the  importance  of  this  matter 
of  cultivation,  it  is  advisable,  when  buying  a new  cultivator,  to  get  one  that  is 
interchangeable  for  shovels  and  scraper  blades. 
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Above,  a light  delivery  truck  well  equipped  with  springs  for  the  handling  of  easily  damaged 
produce.  Below,  a powerful  type  equal  to  any  task  that  a farm  can  impose 

Motor  Trucks  Are  Made  in  All  Sizes,  Types,  and  Capacities.  The  Farmer  Who  Really 
Needs  One  Has  but  to  Choose  the  Kind  Best  Suited  to  the  Majority  of  His  Needs 
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The  old  and  the  new  in  farm  power.  In  the  South  “ 40  acres  and  a mule  ” is  giving  place  to 
“ 400  acres  and  a tractor,”  and  similar  changes  are  occurring  everywhere 


A small  tractor  of  the  caterpillar  type  operating  an  ensilage  cutter 

The  Small  Farm  Tractor  as  a Combination  Movable  and  Stationary  Source  of  Power 
Is  Almost  Revolutionizing  Certain  Phases  of  Farm  Work 
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CHAPTER  8 

Machines  (or  Seeding  and  Planting  Crops 

By~F.  H.  Demaree  (see  Chapter  7)  who  says  of  the  implements  described  here:  “As  Agronomist 
with  (he  J.  I.  Case  Plow  Works , I was  afforded  ample  opportunity  to  study  the  construction  and  opera- 
tion of  all  kinds  of  com , cotton , and  peanut  planters  and  listers . I found , as  most  people  finauy 
do  that  it  is  the  successful  operation  of  a machine  that  appeals  most  to  the  farmer.  Inmost  cases  a 
great  deal  can  be  accomplished  simply  by  following  the  directions  given  by  those  who  make  and  know 
the  machines.  In  following  the  work  of  drills  and  seeders  in  many  sedions^of  the 

ize  the  drill  every  season.  In  starting  my  drill , I measure  the  correct  amount  0/  seed  for  1 acre 
into  the  drill  then  set  the  drill  as  nearly  as  I can  to  sow  that  amount.  I keep  changing  the  feed  until 
the  right  amount  is  seeded.  This  is  the  only  way  to  get  a proper  stand.19  In  view  of  the  tremendous 
importance  of  proper  seeding , which  alone  may  mean  the  difference  between  a good  crop  and  a poor 
one , the  following  information — based  on  practical  tests  and  first-hand  observations  should  prove 
of  very  great  value  to  the  farmer . — Editor. 

THE  development  of  planters  and  seeding  machines,  as  we  have  them  now,  is 
even  more  recent  in  point  of  time  than  that  of  plows  and  other  tillage  imple- 
ments. In  the  early  days  of  America  com  planting  was  all  done  by  hand,  much 
of  it  on  unprepared  land.  Kernels  were  pushed  into  the  soil  with  a stick,  or  cov- 
ered with  a hoe,  on  a piece  of  clearing  where  the  burning  of  stumps  and  brush  had 
insured  the  land  being  free  from  weeds  for  a season  or  more.  Even  at  the  tune  the 
western  prairies  were  being  opened  up  planting  was  all  done  by  hand.  The  land 

was  plowed,  furrowed  out,  then  the  com  dropped  and  covered  with  a hoe. 

Later  the  planter,  as  we  know  it  now  m its  essential  parts,  was  developed. 
The  first  of  these  machines  of  the  Si- 
wheeled  type  was  the  old  “Step  Drop.” 

A boy  sat  between  the  wheels  and 
worked  a hand  lever,  dropping  a hill  at 
each  step  of  the  team.  From  then  on, 
the  drill  and  check-row  types  were 
rapidly  perfected. 

The  use  of  drills  and  broadcast 
seeders  is  also  very  recent.  Hand  sow- 
ing had  been  the  rule  from  time  imme- 
morial until  the  present  day  mechanical 
age  brought  the  development  of  these 
machines.  The  first  seeders  were  all  of  the  broadcast  type,  represented  by  a box 
mounted  on  wheels  with  an  agitator  inside  the  box  and  openings  for  the  grain  to 
fall  through.  This  was  far  from  a perfect  seeder,  but  for  many  years  it  was  the 
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best  available,  for  the  force  feed  as  described  in  this  chapter  has  not  been  in 
existence  much  more  than  a generation. 


Planters 

CORN  PLANTERS.  Few  farm  implements  offer  such  direct  profit-making 
opportunities  by  correct  use  as  do  planters  and  other  kinds  of  seeding  machines. 
Com  planters  may  be  roughly  divided  into  two  classes — the  round-hole  plate 
machines  and  the  edge-selection  planters.  Machines  of  the  former  class  may  be 
subdivided  into  two  classes — the  single-cell  and  the  full-hill  drop.  Both  of  the 
first  two  classes  of  planters  mentioned  may  have  either  intermittent  or  continu- 
ous drive. 

There  can  be  little  doubt  that,  so  far  as  accuracy  is  concerned,  the  single- 
cell machines  have  outclassed  those  of  the  full-hill  drop  type;  and  it  is,  doubtless, 
for  that  reason  that  the  great  bulk  of  com  planters  now  sold  are  of  the  single-cell 
type,  either  round-hole  or  edge-selection  plates.  There  may  be  considerable 
advantage  in  the  better  machines  with  intermittent  drive,  in  that  friction  is  con- 
siderably reduced  and  the  life  of  the  com  planter  is  prolonged.  The  drop  mech- 
anism is  generally  rather  delicate,  and  a quick  wearing  of  the  parts  is  objectionable 
because  it  always  means  inaccuracy.  Without  proper  adjustment  throughout 
and  a harmonious  working  of  parts  the  highest  accuracy  cannot  be  obtained,  and 
slight  wear  is  often  the  cause  of  inaccuracy. 

Value  of  individual  hills.  There  are  3,556  hills  of  com  on  an  acre  of  land, 
planted  3 feet  6 inches  apart.  If  each  hill  should  produce  1 pound  of  corn,  and  a 
perfect  stand  be  secured,  the  yield  will  be  50.8  bushels  per  acre,  basing  the  field 
weight  on  70  pounds  per  bushel.  If  this  yield  per  hill  can  be  doubled,  then  the 
yield  per  acre  can  be  raised  to  101.6  bushels. 

As  the  yield  increases,  many  other  factors  enter  in  to  hold  down  the  yield  out- 
side the  question  of  stand,  but  for  any  good  yield  a first-class  stand  must  first  be 
secured.  The  illustration  is  introduced  to  show  the  real  necessity  of  proper 
planting. 

Careful  examination  of  many  com  fields  in  practically  every  com  state  in  the 
union  has  shown  that  often  very  good  farmers  have  as  low  as  70  or  80  per  cent 
of  a perfect  stand.  In  such  cases  the  farmers  have  been  plowing,  planting,  and 
cultivating  from  20  to  30  per  cent  of  their  land  with  no  prospect  of  return. 


Round-hole  versus  edge-selection  plate. 
Both  of  these  types  of  corn  planter  have  their 
advocates.  The  round-hole  plate  selects  the 
kernels  in  their  natural  position.  This  is  a 
strong  argument  in  favor  of  the  more  accurate 
drop  from  this  type  of  plate,  as  efficiency  is 
bound  to  decrease  when  any  artificial  element, 
such  as  changing  the  position  of  the  kernels 
in  some  way  which  is  unnatural,  creeps  in. 
On  the  other  hand,  it  is  claimed  that  as  com 
varies  considerably  leas  in  thickness  than  it 
does  in  width,  the  edge-selection  plate  is  on 
this  account  more  accurate  than  the  round-hole 
type.  Doubtless  the  different  makes  of 
both  of  these  kinds  of  planters  are  accurate 
when  properly  operated. 

In  making  a test  with  these  two  kinds  of 
plates,  the  writer  found  a very  interesting 
thing,  which,  to  the  best  of  his  knowledge, 
had  not  then  been  made  public.  In  both 
planters  com  was  used  which  had  cam  out 


of  a car  of  shelled  com  and  had  only  been 
graded  once.  There  was,  consequently,  a 
rather  large  number  of  extra  large  and  extra 
thick  kernels  in  it.  After  a full  planter  box 
of  com  had  been  run  through  each  machine, 
it  was  found  that  the  round-nole  machine  had 
planted  every  kernel  in  the  box,  whereas  the 
edge-drop  machine  retained  nearly  a double 
handful  of  these  extra  thick  kernels,  which 
could  not  slide  down  into  the  cells.  It  be- 
came apparent  that,  if  a farmer  in  mring  one  of 
these  machines  did  not  have  extra  well-grade  d 
cam,  after  10  or  15  acres  had  been  planted, 
these  “off-shape”  kernels  would  collect  in  Ike 
bottom  of  the  boxes,  and,  unless  they  were 
cleaned  out  every  night,  would  seriously  in- 
terfere with  the  accuracy  of  the  drop  ox  the 
machine. 

The  value  of  grading  seed  corn.  First- 
class  results  with  the  edge-selection  machine 
are  practi&Uy  dependent  upon  the  thor- 
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oughness  of  the  grading;  of  the  corn. 

This  is  not  so  true  with  the  round- 

hole  type,  but  even  this  Machine 

gives  better  results  if  the  corn  is 

well  graded.  It  may  be  mentioned  --  - 

that  the  efficiency  of  graded  corn 

can  be  materially  increased  by  shell- 

ing  off  by  hand  the  butts  and  tips 

of  the  seed  ears,  and  then  throw-  j / \ 

ing  the  ears  into  the  different  piles  \ jP  \ 

according  to  the  width  of  the  ker- 

Testing;  the  planter.  With  every 
planter  there  is  furnished  a rather  i 

large  number  of  plates,  which  are 
designed  to  cover  such  a wide 
range  of  corn  that  one  set,  at  least, 
should  give  better  results  than  any  fig.  135. 
other  with  the  particular  corn  , 
to  be  planted.  In  judging  re- 
suits  it  is  hardly  enough  to  take  a few  kernels 
of  corn  and  see  whether  or  not  they  fit  in  the 
cells  snugly  or  too  loosely.  The  action  of  the 
planter  while  running  has  some  effect  in  filling 
the  plates.  Neither  is  it  enough  to  take  the 
machine  out  of  the  shed,  fill  it  up  on  the  day 
you  expect  to  plant  com,  and  then  drive  off 
down  the  road  a few  rods,  letting  it  plant  in 
the  meantime,  and  then  go  back  and  count 
results.  The  jar  on  the  machine  is  very  heavy 
on  the  road,  and  more  com  is  apt  to  be  sent 
through  than  will  be  the  case  in  actual  field 
conditions;  hence,  results  are  likely  to  be  mis- 
leading. 

It  is  much  better  to  jack  up  the  drive  wheel 
of  the  planter  and  put  in  the  plate  which  is 
thought  best  adapted  to  the  com  to  be 
planted;  then  run  through  at  least  200 
hills,  if  the  com  is  to  be  checked,  counting 
accuracy  on  the  basis  of  2, 3,  or  4 grains  to  the 
hill.  If  the  com  is  to  be  drilled,  one  kernel 
should  come  down  at  each  click,  which  repre- 
sents a cell  as  having  passed  the  opening. 
Different  plates  tried  m this  way  will  often 
show  surprising  differences  as  to  the  degree  of 
accuracy  obtained  by  the  machine,  and  will 
be  found  to  have  a direct  bearing  on  the  per- 
centage of  perfect  hills  that  will  be  found  in  a 
field  of  com  at  its  maturity. 

Insuring  a good  check.  On  lands  that  are 
level  ox  only  slightly  rolling,  the  common 
practice  is  to  chedt  corn,  in  order  that  it  may 
be  cultivated  both  ways.  Such  cultivation 
aids  materially  in  holding  the  weeds  down. 
Often,  however,  the  well-laid  plans  of  the 
farmer  are  completely  blocked  by  getting  the 
check  so  poor  that  it  is  impossible  to  plow 
both  ways.  It  is  impossible  to  set  a planter 
at  the  factory  so  that  it  will  check  accurately 
under  all  conditions.  Just  take  hold  of  the 
pole  of  your  planter  and  lift  it  up  high.  It 
will  be  seen  that  the  shoes  angle  very  little. 
The  com  will  drop  almost  straight  down. 
Lower  the  pole,  and  the  bottom  of  the  shoe 
is  several  inches  back  of  the  seed  can.  The 
relative  position  of  the  shoe  to  the  button 


The  careful  farmer  tests  his  planters  frequently  to  see 
that  they  are  giving  maximum  service 

on  the  wire  means  a good  check  or  a poor 
one. 

In  order  to  be  sure  that  you  have  proper 
relation  between  these  2 parts,  it  is  neces- 
sary, after  you  have  planted  the  first  2 rows 
and  gone  back  several  rods  on  the  second  2,  to 
get  down  and  dig  up  several  hills  of  com.  The 
com  should  be  found  1 inch  or  1J  inches  be- 
hind the  button.  If  it  is  found  that  the 
corn  is  not  being  dropped  quickly  enough, 
that  is,  ahead  of  the  points  mentioned,  then 
loosen  the  bolt  that  passes  through  the 
pole  and  uprights  on  the  front  frame  and  raise 
the  pole  higher.  This  will  make  the  shoe 
stand  back  and  allow  the  corn  to  drop  before 
passing  the  button.  If  there  is  no  such  ad- 
justment on  your  planter,  shorten  the  neck 
straps  which  hold  up  the  neckyoke.  If  the 
planter  is  dropping  too  quickly,  that  is,  more 
than  an  inch  and  a half  behind  the  button, 
reverse  the  pole  adjustment. 

The  accompanying  cut  (Fig.  136)  shows  4 
rows  of  com.  The  phrase  “hill  behind  but- 
ton” refers  to  the  way  the  team  is  headed. 
Note  the  position  of  the  kernels  in  reference 
to  the  button.  After  turning  the  team  around, 
the  wire  is  stretched  at  about  the  same  ten- 
sion as  before,  but  the  pull  of  the  planter 
brings  the  buttons  back  past  the  spot  where 
they  were  pulled  by  the  planter  on  its  op- 
posite trip.  Consequently,  unless  the  com 
drops  behind  rather  than  in  front  of  the.  but- 
ton each  time,  it  will  be  badly  out  of  line. 

The  clutch.  When  checking  com,  the 
clutch  controls  the  speed  of  the  plates  as  well 
as  the  number  of  holes  that  pass  the  cut-off, 
thus  determining  the  number  of  kernels 
planted.  On  most  com  planters  the  clutch 
is  found  on  the  drill-shaft.  Owing  to  the 
speed  of  the  drill-shaft  and  the  relative  deli- 
cacy of  the  clutch  parts,  it  is  subject  to  a great 
deal  of  wear.  Any  failure  to  take  hold,  or 
slipping  on  the  part  of  the  dutch,  is  a contrib- 
uting factor  to  uneven  planting.  In  recent 
years  one  progressive  manufacturer  has  taken 
the  dutch  from  the  drill-shaft  entirely  and 
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Fig.  136.  Diagram  to  show  good  checking  obtained  by 
careful  adjustment  (see  text,  p.  89) 


placed  it  on  the  axle.  The  parts  are  heavy 
and  strong,  yet  they  work  with  great  precision 
and  accuracy. 

It  is  especially  desirable  to  test  the  clutch 
of  the  com  planter  thoroughly  every  spring. 
Do  not  take  chances  with  worn  parts;  get  new 
ones. 

Fertilizer  attachments.  Attachments  for 
distributing  fertilizer  are  coming  into  increas- 
ing demand  as  the  fertility  of  the  land  dimin- 
ishes. These  attachments  are  merely  large 
i cans,  mounted  on  a support  bolted  to  the  main 
frame  of  the  planter  and  driven  from  a 
sprocket  on  the  axle..  From  the  opening  in 
the  bottom  of  the  can  a hose  leads  to  the  heel 
of  the  planter  shoe.  The  amount  of  fertilizer 
applied  is  controlled  by  the  size  of  opening. 
The  cans  are  equipped  with  a force  feed  device 
to  ensure  a constant  delivery  of  fertilizer  into 
the  hose. 

When  using  fertilizer  for  com  in  this  way, 
it  is  always  advisable  to  drill  it  in  the  row. 
If  checked  in  the  hill,  there  is  some  danger  of 
burning  the  young  plants,  or  of  causing  too 
great  a concentration  of  roots  at  one  spot. 
Where  drilled  in  the  row,  the  roots  spread  m a 
normal  manner.  In  addition,  the  cultivator 
usually  spreads  the  material  more  or  less, 
and  the  succeeding  crop  gets  a greater  benefit 
from  the  residue. 

Pea  and  bean  attachment.  The  practice 
of  planting  cowpeas  or  soy  beans  with  com  is 


an  excellent  one.  A special  attachment  for  al- 
most any  planter  can  be  secured  for  this  work. 
These  attachments  consist  of  small  cans,  set 
immediately  behind  the  com  boxes  with  hose 
leading  into  the  planter  shank.  The  gearing  is 
attached  to  the  drill-shaft,  so  that  the  plates 
operate  in  unison  with  the  planter  plates. 

Cowpeas  or  soy  beans  planted  with  com 
make  an  ideal  combination  for  silage,  hogging 
down,  feeding-off  with  sheep,  or  to  put  in  the 
shock  for  winter  feeding.  As  near  as  can  be 
determined,  there  has  been  practically  no  re- 
duction in  yield  of  com  due  to  the  presence 
of  the  peas  or  beans. 

Single-row  planters.  Many  single-row 
planters  of  the  walking  type  are  used  in  the 
east,  south  and  southwest  sections  of  this 
country.  The  plates  used  in  them  are  the 
same  as  in  the  ordinary  2-row  machines. 

One  other  feature  has  been  subject  to  con- 
siderable change,  that  is,  the  device  by  which 
the  plates  are  driven.  Three  methods  have 
been  used — the  chain-drive,  shaft-drive,  and 
pitman-drive.  The  pitman-drive  is  the  most 
recent  and  has  become  very  popular,  on  ac- 
count of  its  simplicity  and  durability.  A pit- 
man-rod  is  attached  to  each  side  of  the  drive 
wheel,  so  set  as  to  work  alternately.  The 
plate  is  eauipped  with  extension  lugB  and  one 
pitman  pulls  it  forward  a notch  then  the  other 
pushes  a notch.  Thus  a hole  passes  the  cut- 
off at  every  impulse,  and  a con- 
tinuous rotary  motion  is 
given  the 
plate. 


Fig.  137. 
Horse-drawn, 
single-row, 
walking  planter 


COTTON  PLANTERS.  Regular  cotton  planters  are  made  both  single- 
and  double-row.  They  are  equipped  with  shovel  or  sweep  to  open  the  row,  and 
with  shovels  or  discs  in  the  rear  to  cover  the  seed. 

The  usual  device  for  getting  the  seed  out  of  the  hopper  into  the  hoee  leading 
to  the  ground  has  been  a picker  wheel.  This  little  wheel  with  many  sharp  pro- 
jections revolves  in  the  opening  from  hopper  to  hose,  tearing  the  seeds  apart  and 
forcing  them  in  a steady  stream  into  the  nose.  The  use  of  the  picker  wheel  in* 
variably  means  thick  planting,  greater  cost  of  seed,  and  increased  cost  of  thinning, 
i Recently,  there  has  been  patented  a cell  drop  that  handles  the  seed  with  a 
plate  much  like  corn.  This  planter  bids  fair  to  revolutionize  methods  of  cotton 
planting.  The  cell-drop  mechanism  has  a polished  cell  plate  with  sharp,  hooked 
projections  extending  in  the  same  direction  that  the  plate  is  traveling.  Above 
the  cell  plate  is  a retarding  plate  to  prevent  bunching  of  the  seed,  and  above  this 
an  agitator  plate  which  shakes  and  tears  the  seeds  apart  so  that  they  will  feed  into 
the  plate  below.  The  cell  plate  is  equipped  with  a cut-off,  to  insure  greater  accu-( 
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racy.  The  cell  drop  is  able  to  plant  the  cottonseed  much 
thinner,  thereby  reducing  the  cost  of  seed  and  of  thinning. 

Cotton  is  also  planted  with  the  2- 
row  shoe  type  of  planter,  which  is  very 
much  like  an  ordinary  com  planter  in  IB| 

appearance.  These  planters  are  com-  j / 
monly  used  when  the  land  has  been  / A / V\  /HUla 

prepared  in  advance  of  the  planting.  I\  \ p a\ 

The  picker-wheel  feed  is  used  so  far  on  I]  V.  j/'A 
these  machines.  They  are  interchange- 
able  for  com  by  exchanging  the  cotton  r~  V'  ' M c 
feed  for  com  plates.  ' 


Peanut  attachment.  Peanut  attachments 
can  be  secured  for  most  cotton  and  com 
planters,  either  riding  or  walking  type.  The 
regular  planter  hopper  is  removed  and  the 
peanut  hopper  put  in  its  stead.  The  nuts 
are  taken  out  of  the  hopper  bv  means  of  an 
endless-chain  cup  conveyor  and  dropped  into 
the  hose  that  leads  to  the  furrow.  Planting 
distances  are  controlled  by  the  use  of  different 
sized  sprockets  which  increase  or  diminish 
the  speed  of  the  conveyor. 

Listers.  A lister  is  a combination  plow 
and  planter,  equipped  with  either  com  or 
cotton  plates.  The  plow  is  of  the  “middle- 
buster”  type,  that  is,  one  having  a double 
moldboard  which  in  digging  a trench  throws 
the  dirt  both  ways. 

The  middle-buster  is  set  in  a frame  to  which 
the  planter  box  is  attached.  The  whole 
implement  must  be  strongly  made  and  easily 
adjusted,  to  meet  the  adverse  conditions 
under  which  it  has  to  work.  Both  single- 
and  2-row  types  are  made. 

Why  listers  are  used.  Of  more  impor- 
tance than  the  type  of  implement  is  the  neces- 
sity for  its  use.  Listing  is  a common  practice 
in  the  central  and  southern  portions  of  the 
Great  Plains  states.  Where  the  annual  rain- 
fall is  light,  every  method  of  conservation  of 
moisture  must  be  used. 

Listed  land  is  left  with  furrows  and  ridges 
at  regular  intervals.  Land  in  this  condition 
offers  the  best  opportunity  for  rain  to  soak 
quickly  into  the  subsoil,  where  it  is  protected 
from  evaporation.  Snow,  also,  is  caught  in 
the  trenches  and  held  far  better  than  would 
be  the  case  on  an  unbroken  surface. 


/ t N 


r Fig.  139.  Single-row.  riding  type  cotton  planter 

greater  depth  than  with  surface  planting. 
The  crop  stands  dry  weather  better  and 
is  not  so  apt  to  blow  down. 

Methods  of  listing.  Three  methods  of 
listing  are  used.  Single  listing  is  perhaps 
the  most  common.  With  this  method  the 
field  to  be  planted  is  left  untouched  from  the 
previous  crop  (except,  perhaps,  for  the  cutting 
of  old  stalks  with  a stalk  cutter  or  disc) 
until  the  new  crop  is  to  be  planted.  Then  the 
lister  is  put  into  the  field  and  the  seed  planted 
in  the  furrows  as  they  are  made.  The  entire 
surface  between  the  rows  is  covered  with 
loose  dirt,  but  a hard,  unbroken  ridge  is  left 
underneath.  This  method,  while  economical, 
should  be  used  only  on  very  deep,  loose  soils, 
if  best  results  are  to  be  expected. 

Double  listing  differs  from  single  listing  in 
that  the  ground  is  listed  twice.  Usually  the 
first  job  is  done  in  the  fall  or  in  winter.  At 
planting  time  the  ridges  are  split  and  the 
seed  is  planted.  This  makes  a better  soil 
preparation,  as  all  of  the  land  has  been  stirred, 
more  weeds  are  killed,  and  cultivation  is 
easier. 

Where  land  can  be  plowed  either  in  fall  or 
in  winter  and  listed  in  the  spring  at  planting 
time,  better  results  can  be  secured  than  by 
either  of  the  other  methods.  There  is,  how- 
ever, a considerable  increase  in  the  labor  cost. 


are  more  easily  killed;  and  as  the  furrows  are 
filled  the  roots  of  the  plants  are  left  at  a much 


Fig.  138.  Single-row,  walking  lister  adapted  to  small 
scale  corn  or  cotton  planting 


lister  is  generally  used.  This  machine  is 
much  the  same  as  an  ordinary  corn  planter, 
but  is  equipped  with  large  double-disc  furrow 
openers  to  form  the  trenches. 

TRANSPLANTERS.  Wherever  tobacco, 
cabbage,  strawberries,  sweet  potatoes,  toma- 
toes, or  other  crops  requiring  transplanting 
are  grown  in  commercial  quantities,  a trans- 
planter is  a labor  saver  and  a money  maker. 
The  design  of  this  machine  is  quite  simple. 
It  has  a heavy  triangular  frame,  low  down, 
usually  swung  under  the  axle  of  the  2 main 
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wheels.  The  point  of  the  triangle  is  in  fronty 
supported  by  a pivoted  truck.  On  top  of 
the  frame  a large  barrel  is  mounted  for  the 
water,  and  in  the  rear  are  a furrow  opener  and 
2 seats  for  the  planters.  The  barrel  is 
equipped  with  a water  valve  which  is  tripped 
automatically.  As  the  water  is  released  into 
the  furrow,  one  of  the  setters  places  a plant 


in  it,  one  man  setting  every  other  plant. 
The  coverers  pull  the  loose  airt  around  the 
plant,  compacting  it  slightly  in  the  process. 
Distances  between  discharges  of  water  are 
regulated  by  the  use  of  different  sprocket 
wheels. 

The  use  of  water  allows  plants  to  be  set  in 
the  heat  of  the  day  without  wilting,  which  is 
impossible  with  hand  setting. 

POTATO  PLANTERS.  Improved  potato 
machinery  is  causing  a steady  increase  in  the 
interest  shown  in  this  important  crop.  Out- 
side of  planting  and  harvesting,  the  labor 


of  a corn  crop.  A large  quantity  of  seed  is 


required,  ranging  from  8 to  14  bushels  per 
acre.  This  quantity  is  heavy  and  cumber- 
some and  is  in  itself  a discouragement  to  the 
man  who  would  like  to  grow  potatoes. 

The  modern  potato  planter  has  overcome 
most  of  the  labor  difficulties  in  planting. 
The  seed  can  be  cut  by  machine,  and  the 
planter  will  put  the  pieces  in  the  ground  with 
remarkable  accuracy. 

How  the  potato  planter  works.  The  planter 
is  provided  with  a large  hopper  in  which  the 
seed  is  placed.  In  some  planters,  the  seed 
runs  by  gravity  into  the  picking  chambers; 
in  others,  by  a feed  wheel  which  is  practically 
a force  feed.  The  latter  construction  pre- 
vents the  flooding  of  the  picking  chamber,  and 
makes  far  more  accurate  planting. 

In  the  picking  chamber  the  seed  is  caught 
on  the  point  of  sharp,  revolving  pickers  and 
carried  over  to  the  spout  leading  to  the  furrow 
opener.  Planting  distances  are  controlled 
by  the  use  of  different  sprockets  that  change 
the  speed  of  the  pickers. 

The  furrow  opener  should  make  only  a 
narrow  trench  into  which  the  seed  is  dropped 
and  immediately  covered.  The  double-disc 
type  of  coverer,  set  to  throw  in,  is  universally 
used.  This  not  only  covers  the  seed,  but 
starts  a good  ridge.  Where  a slight  ridge  is 
raised  at  planting  time,  a harrow  or  weeder 
can  be  used  before  the  potatoes  are  up  and 
the  weeds  practically  eliminated  between 
hills  in  the  row.  The  cultivator  will  take 
care  of  those  between  the  rows. 

Single-  and  two-row  styles.  Potato  planters 
are  made  in  both  single-  and  2-row  styles. 
The  2-row  planter  is,  of  course,  heavier  to 
handle;  but  it  decreases  the  labor  cost  of 
planting,  and  is  just  as  efficient  as  the  single- 
row  machine.  In  addition,  a 2-row  cultivator 
can  be  used  to  tend  the  crop  by  following  the 
2 rows  of  the  planter  at  all  times.  Other- 
wise, a 2-row  cultivator  cannot  be  used  in  the 
potato  field. 


Drills 

All  small  grain  is  now  seeded  in  one  of  two  ways — by  drilling  or  by  broad- 
casting with  either  an  end-gate  seeder  or  a broadcast  seeder. 

Practically  all  wheat,  both  spring-  and  fall-sown,  is  drilled  in.  The  farmers 
have  seemed  to  recognize  the  importance  of  using  a drill  to  put  in  this  crop.  This 
is  not  so  true,  however,  of  oats  and  barley,  particularly  oats.  In  experiments 
conducted  at  various  experiment  stations,  to  determine  the  effect  of  drifting  com- 
pared with  broadcasting  on  the  yield  of  oats,  it  has  been  found  that  a definite 
increase  in  yield  can  be  secured  by  drilling  instead  of  broadcasting.  The  Illinois 
Experiment  Station  secured,  as  a general  average  on  3 such  fields  for  3 years,  an 
increase  of  3.9  bushels  per  acre  in  favor  of  drilling.  Kansas  reports,  after  a long- 
continued  experiment,  an  average  increase  of  5.3  bushels  per  acre  in  favor  of 
drilling  over  broadcasting.  The  Ontario  Agricultural  College  secured  an  increase 
of  4 bushels  per  acre  as  a result  of  drilling.  Moreover,  at  the  Iowa  Experiment 
Station,  a 4-year  trial  with  winter  wheat  gave  an  average  yield  of  4.2  bushels 
more  grain  per  acre  for  drilling  as  compared  with  broadcasting. 
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Additional  advantages  of  drilling.  Aside 
from  the  question  of  yield,  there  are  the 
following  advantages  in  drilling  small  grain: 
The  seed  is  deposited  in  rows  m firm,  moist 
soil  and  covered  at  a uniform  depth.  An 
accurate  amount  of  seed  is  distributed,  less 
seed  being  required  than  in  broadcasting. 
The  ground  is  left  with  alternate  small  furrows 
and  ridges.  This  favors  the  absorption  of 
both  heat  and  moisture,  and  gives  some  pro- 
tection against  drifting  soil  and  winterkilling. 
Snow  is  held  in  the  furrows  to  an  appreciable 
degree. 

Further,  drilling  is  decidedly  an  advantage 
when  clover  or  grass  seed  is  to  be  sown  with 
the  grain.  This  work  can  be  done  at  the 
same  time  the  grain  is  seeded,  thus  saving 
labor.  Owing  to  the  more  uniform  stand  and 
the  unused  space  between  the  rows,  the  young 
seedling  has  a better  chance  to  make  a good 
stand  than  in  broadcasted  grain. 

In  sowing  grass  or  clover  seed  in  connection 
with  a grain  crop,  one  caution  should  be 
observed.  Take  the  seed  tubes  off  and  let 
the  seed  broadcast  ahead  of  the  furrow 
openers.  The  dirt  falling  in  together  with 
the  action  of  the  drag  chains  will  cover  it 
sufficiently  deep.  Deep  planting  of  small 
seeds  is  one  of  the  mam  reasons  for  a poor 
stand.  The  seed  fails  to  grow,  or  exhausts 
itself  in  pushing  the  young  plant  to  the  top 
of  the  ground.  When  using  the  drill  for 
small  seed  alone,  put  the  grain  tubes  on  again, 
but  set  the  furrow-openers  to  run  very  shallow. 

Styles  of  furrow  openers.  From  the  farm- 
er’s standpoint,  drills  are  usually  classified 
according  to  the  kind  of  furrow  openers 
with  which  they  are  equipped.  There  are 
5 kinds  of  furrow  openers  in  use  in  various 
sections  of  the  country,  namely:  hoe,  shoe, 
single-disc,  double-disc,  and  combination 
shoe  and  double- 
disc, commonly 
called  the  “open- 
furrow”  type. 

Hoe  furrow 
openers.  The 
hoe  furrow  opener 
was  found  on  the 
early  drills  and  is 
still  popular  in 
many  localities. 

It  does  excellent 
work  in  a clean, 
well-prepared 
seed-bed.  The 
hoe  drill  is  at  a 
disadvantage  in 
trashy  ground  or 
where  grain  is  to 
be  drilled  in 
stalk  land  that 
has  only  been 
disked.  The  de- 
lay caused  by 
loading  up  has 


practically  eliminated  the  hoe  drill  from  this 
class  of  work. 

One  of  the  recent  practical  improvements 
in  the  hoe  furrow  opener  is  the  attachment 
to  each  hoe  of  a spring  trip.  When  any  hoe 
hits  an  obstruction,  it  trips  without  breakage 
of  any  parts  and  swings  back  into  working 
position. 

Shoe  furrow  openers.  The  shoe  furrow 
opener  looks  much  like  the  ordinary  com 
planter  shoe.  This  type  of  furrow  opener, 
also,  does  excellent  work  in  a clean,  well- 
prepared  seedbed.  With  the  shoe,  the  depth 
of  seeding  can  be  very  accurately  adjusted, 
which  makes  it  most  desirable  when  seeding 
in  alfalfa  or  other  small  seeds.  In  trashy 
ground  or  in  stalk  land,  the  shoes  also  load 
up,  making  them  undesirable  for  this  class  of 
work. 

Single-disc  furrow  openers.  The  single- 
disc furrow  opener  is  by  far  the  most  popular 
type,  serving  the  purposes  of  good  seeding  in 
the  greatest  variety  of  soil  condition.  Since 
half  of  the  discs  in  the  drill  are  set  to  throw 
in  one  direction  and  half  in  the  other,  this 
type  of  furrow  opener  has  a decided  cultivating 
effect  that  farmers  have  not  been  slow  to 
appreciate.  The  single-disc  drill  will  do 
good  work  in  any  type  of  soil  that  is  not  too 
stony,  and  it  cuts  through  trash  and  corn 
stalks  in  an  excellent  manner. 

The  forward  delivery  of  seed  is  an  important 
improvement  for  the  single-disc  furrow  opener. 
In  the  open-delivery  style  of  disc  furrow 
opener,  the  seed  does  not  reach  the  bottom  of 
the  furrow  before  the  upturn  of  the  revolving 
disc  catches  it;  thus  the  seed  is  often  thrown 
on  top  of  the  ground.  In  the  forward  delivery 
the  seed  reaches  the  ground  before  the  upturn 
of  that  section  of  the  disc  sets  in  and  is  con- 
sequently well  covered. 

Double-disc  furrow  open- 
ers. This  furrow  opener  is 
formed  by  two  straight,  flat 
discs  set  at  an  angle  toward 
each  other,  coming  together 
where  they  enter  the  ground. 

This  type  of  fur- 
row opener  is  used 
extensively  in 
heavy  wneat 
lands  of  the 
Northwest.  The 
double-disc  has 
practically  no  cul- 
tivating action, 
but  cuts  through 
the  soil  like  a 
shoe  opener  with- 
out turning  it  and 
without  the  con- 
sequent loss  of 
moisture. 

It  also  has  an 
added  advantage 
over  the  shoe 
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Fig.  142.  Two  types 
of  furrow  openers:  a 
single-disc  showing  toe 
scraper;  b shoe  type  in 
which  the  height  in 
front  is  adjustable. 


opener  in  that  it  will  go  through  trash 
or  stalks  without  clogging.  In  fact,  it  is 
practically  impossible  to  load  up  a drill  of 
this  type,  but  the  double  discs  do  not  cut 
through  trash  as  well  as  the  single-discs  and 
under  such  conditions  will  not  cover  the  seed 
quite  as  well. 

Combination  shoe  and  double-disc  furrow 
openers.  In  this  style  of  opener,  the  shoe  is 
set  between  two  concave  discs  and  makes  the 
first  cut  of  the  furrow.  The  discs  are 
set  at  equal  but  opposite  angles,  and  they 
throw  the  soil  to  each  side,  leaving  a wide 
furrow  from  2 to  6 inches  deep,  as  desired. 
The  dirt  in  the  ridges  on  either  side  of  the 
furrow  gradually  sifts  back  during  the  winter 
and  spring  until  the  land  is  nearly  level  again. 

This  style  of  furrow  opener  is  made  es- 
pecially for  the  South  for  seeding  winter 
oats  and  other  small  grain.  The  openers 
are  from  14  to  16  inches  apart  and  are  often 
equipped  with  double  seed  spouts.  This  is 
especnallv  desirable  for  winter  oats,  as  they  are 
invariably  bearded,  and  do  not  feed  through 
as  rapidly  as  they  should,  to  make  a good 
stand,  if  a single-grain  tube  is  used. 

Force  feed.  There  are  two  general  types  of 
force  feed  employed  in  grain-drill  construction, 
the  fluted-roll  and  upright-revolving-disc. 
The  fluted  rolls  are  attached  on  1 long  drill- 
shaft,  and  each  roll  is  fitted  inside  a feed  cup. 
The  feed  cups  are  usually  fitted  with  an  ad- 
justable gate,  which  may  be  opened  or  closed 
for  various  kinds  of  seeds.  The  rate  of 
seeding  is  controlled  by  a movable  cut-off 
operated  by  a hand  lever.  This  lever  is  set 
to  act  as  a pointer  for  the  scale  which  indicates 
the  amount  of  seed  being  used.  In  the  up- 
right-revolving-disc type  of  force  feed,  the 
disc  is  placed  at  the  side  of  the  feed  cup. 
Projections  on  the  discs  force  the  seed  gram 
into  the  grain  tubes.  The  rate  of  seeding  is 
generally  controlled  by  increasing  or  decreas- 
ing the  speed  of  the  discs. 

Of  the  2 types,  the  fluted-roll  is  the  more 
popular  and  is  used  on  the  majority  of  drills 
now  being  manufactured. 

Standardizing  the  drill.  There  is  a wide 
variation  in  the  size  of  seeds  of  the  same 
kind,  due  to  the  variety,  season,  and  soil 


fertility.  For  instance,  a kernel  of  Kherson 
oats  is  little  more  than  half  as  big  as  one  of 
Swedish  Select.  It  is  obvious,  therefore, 
that  a drill  set  to  sow  8 pecks  of  large-berried 
oats  will  sow  more  than  that  amount  of  the 
small-berried  kind. 

The  gauge  or  scale  on  a drill  cannot  be  con- 
sidered as  more  than  an  index.  If  correct 
seeding  is  desired,  the  drill  should  be  checked 
up  each  year.  For  all  practical  purposes,  the 
easiest  way  to  do  this  is  to  measure  into  the 
machine  the  correct  amount  of  seed  per  acre 
it  is  desired  to  sow.  Set  the  drill  for  this 
amount,  and  drive  ahead  until  the  seed  has 
been  run  out.  Usually,  the  length  of  the 
field  in  rods  is  well  known;  the  width  sown 
can  easily  be  measured.  Multiply  the  length 
in  rods  bv  the  width  in  rods,  and  divide  by 
160.  This  will  give  the  area  in  acres  or  frac- 
tion thereof.  If  too  little  seed  is  being  used, 
open  up  the  drill;  if  too  much,  dose  the  cut-off. 

The  condition  of  the  grain  at  the  time  of 
seeding  will  also  have  considerable  effect  on 
the  amount  that  will  go  through— whether  it 
has  been  thoroughly  redeaned,  is  absolutely 
free  from  chaff  ana  trash,  or  whether  these 
latter  impurities  are  present.  It  should  be 
especially  noted  that  grain  treated  for  smut 
with  formaldehyde  or  hot  water  will  swell 
considerably.  This  will  affect  the  amount  of 
grain  put  through  to  such  an  extent  that  in 
the  latter  case  a standardizing  of  the  drill 
similar  to  that  described  above  will  be  essen- 
tial. 

Distance  between  furrow  openers.  There 
has  been  a distinct  tendency  m the  last  few 
years  to  dose  up  the  space  between  the  furrow 
openers.  Wide  spacing  gives  weeds  a better 
chance,  and  the  seeds  must  be  thicker  in  the 
row  to  sow  the  same  amount  per  acre.  This 
means  crowding  of  plants,  and  it  stands  to 
reason  that  the  gram  will  not  do  so  well  as 
when  better  spaced. 

The  rpost  popular  drills  are  now  spaced  only 
6 or  7 inches  apart.  This  dose  spacing  has 
greatly  increased  the  danger  of  dogging  with 
stalks  or  trash.  In  order  to  offset  this,  most 
of  the  dose-spaced  drills  are  set  zigzag,  with 
every  other  furrow,  opener  set  several  inches 


Fig.  143.  Two  more  furrow  openers:  a simple  hoe 
type;  b double-disc  type 
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ahead  of  those  next  to  it.  This  in  reality 
makes  2 rows  of  furrow  openers. 

Some  manufacturers  have  gone  so  far  as  to 
set  2 drills  in  the  same  frame,  so  constructed 
that  the  back  set  of  furrow  openers  split  the 
middle  left  by  the  front  ones.  This  makes 
very  close  spacing.  The  idea  is  excellent, 
but  the  machine  is  so  cumbersome  that  it  is 
not  yet  an  unmixed  success. 

Fertilizer  attachments.  The  fertilizer  at- 
tachment for  a grain  drill  is  a secondary 
box  next  to  the  seed  box,  equipped  with  a 
force-feed  device  and  spouts  leading  to  the 
furrow  openers.  Owing  to  the  fact  that  some 
fertilizers  will  “bridge,”  it  is  necessary  to 
equip  the  fertilizer  box  with  an  agitator,  to 
keep  the  material  down  to  the  force  feed. 
The  flat-disc  type  of  force  feed  is  the  one  in 
most  common  use.  It  gives  positive  results 
with  a minimum  of  breakage. 

Press?  drills.  Press  drills  are  made  with- 
out supporting  side  wheels,  but,  following 
each  furrow  opener,  there  is  a press  wheel. 
This  row  of  wheels  is  fastened  on  a long  axle 
and  set  in  a frame  which  in  part  supports 
the  drill  proper.  Press-wheel  attachments 
can  also  be  secured  for  most  types  of  grain 
drills.  This  equipment  is  used  in  sections 
where  high  winds  blow  the  soil  and  seed 
badly  and  on  light  soils  where  compacting 
the  dirt  over  the  seed  brings  up  the  moisture 
and  hastens  germination. 

The  clover-and-grass-seed  drill.  The 
latest  thing  in  seeding  machinery  for  sow- 
ing clover,  alfalfa,  and  grass  seed  is  what 
is  known  as  the  dover-and-grass-seed  drill. 
This  machine  is  designed  especially  for  sowing 
these  seeds.  It  is  built  so  that  the  seed  is 
sown  in  furrows  4 inches  apart,  which  is  about 
the  proper  distance  for  a good  stand.  An- 
other advantage  of  using  this  drill  is  that  it 
permits  the  cultivation  of  the  grain  already 
above  the  ground  and  thereby  tends  to  in- 
crease the  yield. 

The  common  practice  is  to  sow  1 bushel  of 
clover  seed  to  7 or  8 acres  and  18  to  20  pounds 
of  alfalfa  to  1 acre.  This  is  by  the  broadcast 
method.  It  is  claimed  and  proved  by  tests 
that,  with  a clover-and-grass  seeder, 
from  4 to  6 pounds  of  seed  may  be 
sown  per  acre,  and  that  the  stand  will 


equal,  if  not  surpass,  that  obtained  by  broad- ' 
casting  from  2 to  5 tunes  this  amount  of  seed. 

In  1 pound  there  are  about  240,000  alfalfa 
seeds  and  288,000  clover  seeds.  Since  there 
are  43,560  square  feet  in  an  acre,  then  for 
every  pound  of  alfalfa  sown  per  acre  there  will 
be  an  average  of  5*  seeds  per  square  foot, 
and  for  every  pound  of  clover  there  will  be 
6}  seeds  per  square  foot.  Farmers  have 
been  known  to  sow  (broadcast)  as  high  as  25 
pounds  of  alfalfa  to  the  acre.  This  is  at  the 
rate  of  137  seeds  per  square  foot,  and  no 
ground  will  support  such  a stand,  if  all  the 
seeds  grow.  The  Ohio  Experiment  Station 
found  that  5 pounds  of  alfalfa  seed,  sown  on 
an  acre  by  a clover-and-grass-seed  drill, 
gave  a yield  of  7,862  pounds  of  hay,  and  that 
25  pounds,  sown  broadcast  on  the  same  acre- 
age, gave  a yield, of  7,876  pounds  of  hay. 

By  the  use  of  this  drill  the  farmer  is  enabled 
to  put  the  seed  down  in  the  moist  earth  at 
the  right  depth,  where  it  germinates  quickly. 
In  this  way,  practically  all  the  seed  grows, 
and  the  tremendous  loss  resulting  from  broad- 
casting methods  is  eliminated. 

The  main  disadvantages  of  the  clover-and- 
grass-seed  drill  are  that  it  means  the  purchase 
of  extra  equipment,  and,  where  the  seed  is 
put  in  with  spring-sown  grain,  the  land  must 
De  drilled  over  again  for  the  small  seed  alone. 
The  value  of  saving  seed  and  the  better 
chances  of  securing  a stand  must  then  be 
weighed  against  increased  labor  and  ma- 
chinery costs.  This  is  an  individual  problem. 

One-horse  drill.  The  1 -horse  drill  is  the 
same  in  principle  as  the  larger  types  just 
described,  and  it  may  be  equipped  with  prac- 
tically all  the  attachments.  This  type  of 
drill  is  generally  built  with  5 furrow  openers 
of  either  the  hoe  or  the  disc  style.  Tne  ad- 
vantages and  disadvantages  of  each  are  the 
same  with  this  drill  as  previously  described. 
A drill  with  3 furrow  openers  is  also  built  for 
Southern  use,  where  fit 

small  grain  is  to  be  \0 

drilled  between  cotton  W 

or  corn  rows.  B 
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Fig.  145.  The  wheelbar- 
row seeder  marks  one  of 
the  intermediate  steps  be- 
tween hand  sowing  and  the 
use  of  the  modern  improved 
drills  and  horse-drawn 
seeders. 


When  drilling  winter  wheat  or  rye  in 
standing  corn,  the  drill  should  be  run  across 
the  ridges,  that  is,  in  the  opposite  direction 
to  that  in  which  the  com  was  laid  by.  Other- 
wise, the  outside  furrow  openers  will  go  too 
deep  and  the  middle  ones  too  shallow.  The 
matter  of  cross  drilling  should  also  receive 
careful  consideration.  In  cross  drilling,  one 
half  of  the  seed  is  sown  when  going  one  way; 
the  other  half,  when  crossing.  This  means 
twice  the  work  but  eliminates  the  unseeded 
portion  left  where  the  row  of  com  stood. 
In  addition,  the  seedbed  is  put  in  much  better 
condition.  Since  no  previous  preparation 
has  been  made,  this  extra  work  can  well  be 
afforded. 

Broadcast  seeders.  Broadcast  seeders  are 
very  similar  to  grain  drills,  so  far  as  the 
seed-box  and  force-feed  equipment  is  con- 
cerned. The  seed,  however,  falls  directly 
to  the  ground  from  the  seed  cups,  and  must  be 
covered  by  other  agencies.  Some  broad- 
casters are  equipped  with  a cultivator  attach- 
ment, which  may  be  of  either  the  shovel  or 
the  disc  type.  In  the  com  belt,  however, 
farmers  who  broadcast  their  small  grain 
prefer  to  work  their  land  more  thoroughly 
with  disc  harrows,  so  that  if  a broadcaster 
is  used,  it  is  merely  for  the  purpose  of  dis- 
tributing seed. 

A good  broadcaster  must  have  a large, 
well-braced  grain  box.  Sagging  is  very 
undesirable.  The  broadcaster  is  built  in 
two  styles:  the  wide-tread,  having  a wheel 
at  each  end,  and  the  narrow-tread,  in  which 
the  wheels  are  close  together  and  the  grain 
box  extends  beyond  each  wheel.  There  is 
practically  no  chance  of  sagging  in  the  latter 

fed-gate  seeders.  The  end-gate  seeder 
is  in  common  use  throughout  the  com  belt 
particularly.  It  is  used  primarily  for  seeding 
oats,  although  wheat,  barley,  and  rye  are 
often  sown  broadcast  with  it. 


In  spite  of  data  at  hand  showing  the 
possibilities  of  increased  production  by  drilling 
over  broadcasting,  the  latter  practice  is  by 
far  the  more  common  in  nearly  all  parts  of  the 
com  belt.  This  is  probably  due  to  several 
factors.  An  end-gate  seeder  can  be  bought 
for  less  than  one-fifth  the  price  of  a 4-horse 
drill.  Seeding  can  be  done  considerably 
faster.  Most  farmers  regard  oats  as  a crop 
of  secondary  importance,  and  wish  to  get 
seeding  out  of  the  way  as  quickly  as  possible, 
in  order  to  start  work  on  their  com  land. 

The  ordinary  end-gate  seeder  is  bolted  on  to 
a board  that  replaces  the  back  end  gate  of  the 
wagon,  and  is  dnven  with  a chain  that  extends 
from  a big  sprocket,  bolted  to  one  wagon 
wheel,  up  to  the  drive  shaft  of  the  seeder.^ 

The  grain  is  shoveled  from  the  wagon  into 
a large  hopper,  and  delivered  thence  by  a 
force  feed  into  the  distributing  fans.  The 
fluted-roll  type  of  force  feed,  described  above, 
is  commonly  used.  An  auger  construction  is 
also  used  to  deliver  the  grain  to  the  fans. 
Both  types  are  efficient. 

Double  fans  are  now  used  in  practically  all 
end-gate  seeders.  They  are  set  side  by  side, 
and  run  in  opposite  directions,  both  throwing 
away  from  the  machine. 

A clover-and-grass-seed  attachment  can  be 
provided  in  the  shape  of  a small  extra  hopper 
with  seed  spouts  running  down  to  the  fans. 
This  attachment  can  be  operated  either  at 
the  same  time  grain  is  being  seeded  or  alone. 
Where  clover  or  grass  seed  is  put  in  with  the 
small  grain,  it  will  rarely  carry  as  far  as  the 
grain;  consequently,  bare  streaks  are  left. 

It  is  also  not  the  best  practice  to  disc  down 
small  seeds,  as  they  may  be  covered  too  deep 
to  germinate  well.  If  the  end-gate  seeder 
is  to  be  used,  it  is  better  practice  to  sow  the 
grain;  after  this  is  disked  in,  sow  the  small 
seed  and  follow  with  a drag  harrow  or  cor- 
rugated roller. 
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Machines  for  Harvesting  and  Threshing 

Crops 

By  F.  H.  Demaree  (see  Chapter  7).  In  discussing  plans  for  this  chapter , Professor  Demaree 
said:  “It  has  been  my  privilege  to  have  operated  or  worked  with  most  of  the  implements  described  in 
this  chapter.  Here  in  Grundy  County  there  is  a growing  interest  in  sweet  clover.  In  the  spring  of 
the  second  year  of  its  growth,  the  first  cutting  of  this  crop  must  be  very  high  or  the  entire  crop  may  be 
killed.  Many  plans  were  tried  to  hold  the  mower  bar  up  to  the  desired  height , until  finally  the  plan 
described  in  this  chapter  was  worked  out.  It  has  been  uniformly  successful. 

“The  seed-saving  device  is  not  original,  but  I have  shown  a number  of  farmers  how  to  make  the 
outfit  which  is  an  exceedingly  valuable  attachment  when  the  binder  is  used  to  cut  sweet  clover.  Many 
bushels  of  ripe  unhulled  seed  will  be  saved  in  cutting  even  a small  field. 

“After  having  run  one  binder  machine  for  10  consecutive  seasons,  I can  realize  that  it  is  an  im- 
portant and  complicated  machine.  Mine  is  now  16  years  old  and  still  in  use.  Proper  care,  in- 
cluding homing,  regular  oiling,  and  keeping  all  parts  tightened  up,  are  all  responsible  for  the  long 
life  this  machine  has  enjoyed.  My  grandfather  always  said  that  oil  was  cheaper  than  machinery. 
I might  add  that  a monkey  wrench  and  a little  time  spent  in  tightening  up  nuts  and  bearings  are  both 
cheaper  than  a smash-up.”  It  is  practical  knowledge  such  as  this  that  counts  whatever  the  type  of 
farming  and  wherever  it  may  be  attempted. — Editor. 

NO  CROP  can  show  a profit  until  it  is  finally  marketed  or  utilized.  The  size 
of  the  profit  (or  loss)  at  that  time  depends  on  a good  many  factors,  none 
of  which  is  more  important  than  the  combined  speed,  thoroughness,  and  economy 
with  which  it  is  gathered.  In  this  light,  the  tools  with  which  this  harvesting  work 
is  done,  and  them  proper  attention  and  handling,  assume  a correspondingly  vital 
importance. 

The  mower.  Owing  to  its  labor-saving  ability,  the  mower  is  an  indispensable 
implement  on  practically  every  farm.  It  is  not  only  used  in  the  meadows  at 
haying  time,  but  it  trims  the  roadsides,  the  pastures  in  the  fall,  and  in  a number 
of  ways  helps  to  avoid  hand  scything. 

Taking  everything  into  consideration,  the  mower,  in  spite  of  its  usefulness, 
is  not  a very  heavy-duty  machine  and  should,  if  properly  cared  for,  be  made  to 
last  for  a much  longer  period  than  the  average  farm  tool. 

In  running  a mower  through  heavy  grass  or  clover,  there  is  considerable  strain 
on  the  sickle  bar,  as  well  as  on  the  driving  mechanism.  When  buying  a mower, 
therefore,  the  principal  features  to  take  into  consideration  are  strength  of  con- 
struction, fewness  of  gears  with  as  direct  drive  as  possible,  and  the  necessary  ad- 
justments to  keep  the  sickle  bar  in  alignment. 

*7 
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Fig.  147.  A modem,  high-class  vertical  lift  mower,  the  dotted  lines  showing  the  position  of  the  sickle  bar  when 
raised  and  the  insets  showing  bow  it  may  be  adjusted  to  cut  on  sloping  ground 


Vertical  or  plain  lift  The  ordinary  or 
lain  lift  allows  the  operator  with  foot  lift  or 
and  lever  to  lift  the  sickle  bar  several  inches 
from  the  ground.  This  is  for  use  in  turning 
or  transporting  the  mower  short  distances. 

The  vertical  lift  allows  the  operator  to 
bring  the  sickle  bar  to  an  upright  position 
without  stopping  the  team.  This  feature  is 
especially  good  when  the  mower  is  to  be  used 
in  stumpy  or  stony  land  or  where  any  obstruc- 
tion more  than  a few  inches  in  height  must  be 
passed.  It  will  not  only  make  the  work  easier, 
but  will  allow  a much  cleaner  job  of  mowing. 

High  clipping.  Where  it  is  desired  to  dip 
higher  than  the  ordinary  set  of  the  mower 
will  allow,  shoe  runners  can  be  used  to  raise 
the  blades.  In  practically  all  shoe  runners, 
the  lower  part  is  held  in  position  by  an  upright 
piece  of  strap  iron  near  the  heel  of  the  runner. 
This  should  have  more  than  one  hole  in  it; 
when  fullv  extended  it  will  raise  the  sickle  bar 
considerably. 

Sweet  dover  is  a crop  requiring  very  high 
clipping  in  the  spring.  The  usual  range  is 
between  8 and  10  inches.  For  such  work,  it 
will  be  necessary  to  displace  the  short  piece 
of  strap  iron  just  mentioned  for  one  long 
enough  to  raise  the  shoe  to  the  desired  height. 
This  adjustment  should  always  be  made  when 
clipping  the  first  crop  of  sweet  clover.  If  it  is 
not  dipped  high,  tne  plants  will  be  killed; 
and  if  the  attempt  is  made  to  raise  the  sickle 
bar  with  the  hand  lever,  without  the  support 
of  the  shoes,  the  weight  of  the  sweet  dover 
will  probably  spring  the  bar. 

Bunchers.  Two  types  of  buncher  at- 


tachments for  mowers  are  in  use  for  cutting 
dover  seed — the  side-delivery  and  the  rear- 
delivery.  The  side-delivery  buncher  delivers 
the  seed  behind  the  mower,  so  that  it  is  never 
tramped  on  by  the  horses  or  run  over  by  the 
machine.  The  seed  is  delivered  in  long  rolls; 
and  it  is  harder  to  turn  or  load  for  threshing 
than  the  flat  bunches  of  the  rear  ddivery. 

The  rear-delivery  buncher  is  simply  a 

Wiron  basket  attached  to  the  sickle  bar. 

a foot  trip,  and  can  be  dumped  when 
full.  The  seed  is  delivered  immediately  be- 
hind the  sickle  bar,  and  the  team  and  machine 
must  pass  over  it  the  next  round.  If  the 
clover  is  heavy,  some  of  the  seed  will  be  shat- 
tered by  such  contact.  Ease  of  handling  the 
seed  after  being  cut  is  the  strong  point  of  this 
type  of  buncher. 

The  dump  rake.  The  dump,  or  sulky, 
rake  is  nearly  universal  in  the  nayfield.  It 
is  light,  easy  to  operate,  inexpensive,  and  can 
be  used  almost  anywhere  where  a horse  can  be 
driven. 

This  rake  may  be  either  of  the  hand  or  of 
the  self-dump  type.  In  the  latter  type,  a 
foot  trip  in  front  of  the  driver  is  given  a push 
which  causes  a cam  in  each  wheel  to  engage  in 
a ratchet,  thus  bringing  up  the  teeth. 

The  sulky  rake  does  not  leave  the  windrows 
in  good  condition  for  the  use  of  a hay  loader. 
Besides,  if  it  becomes  slightly  overloaded  be- 
tween dumps,  as  it  will  in  extra-heavy  hay,  it 
will  not  carry  the  load.  This  means  hay 
strung  along  between  the  windrows,  that  is 
hard  to  pick  up  or  must  be  reraked.  The 
windrows  themselves,  too,  are  apt  to  be 
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stringy,  as  it  is  nearly  impossible  to  get  the 
gh  to  make  a clean- 


X 


teeth  down  quickly  enough 
cut  windrow,  especially  where  using  a fast- 
walking team. 

The  side-delivery  rake.  The  side-delivery 
rake  is  rapidly  supplanting  the  dump  rake 
where  hay  is  grown  in  quantity  and  where 
[uality  is  desired.  It  is  now  conceded  that 
ie  way  to  make  the  best  quality  of  hay 
is  to  follow  the  mower,  either  directly  or 
within  a few  hours,  with  a side-delivery  rake. 
This  puts  the  hay  in  long,  narrow  windrows, 
protecting  the  leaves  from  the  sun,  and 
thereby  aiding  the  evaporation  of  water  from 
the  stems.  This  will  mean  somewhat  slower 
curing;  but,  on  the  other  hand,  the  leaves 
will  be  retained,  and  the  hay  will  all  be  soft 
and  pliable,  rather  than  harsh  and  sun-baked, 
as  it  is  when  exposed  to  the  sun  too  long. 

Side-delivery  rakes  are  made  in  2 general 
styles — the  fork  type  and  the  cylinder,  or 
reel,  type.  The  fork-type  rakes  are  made  by 
attaching  the  raking  forks  to  a crankshaft 
driven  from  the  axle.  The  forks  work  in 
rotation,  and  move  the  hay  out  of  the  swath 
to  one  side,  forming  the  windrow. 

The  cylinder-  or  reel-type  side  rakes  have 
the  teeth  attached  to  long  bars  arranged  in 
cylinder  fashion.  The  cylinder  is  set  diag- 
onally in  the  frame  and  is  driven  from  the 
main  axle.  The  teeth  on  the  various  bars  that 
form  the  cylinder  are  in  constant  touch  with 
the  hay,  as  the  cylinder  revolves,  so  that  it  is 
swept  to  one  side  with  the  least  shattering. 

Some  cylinder  and  fork  type  side-delivery 
raises  may  be  make  into  tedders  by  shifting  a 
gear.  The  hay  is  merely 
stirred  by  the  rake  teeth, 
in  order  that  it  may  dry  »* 

out  better  before  raking.  ™ 

It  is  questionable  whether 
this  is  as  good  practice  as 


to  turn  the  windrow  with  the  side  delivery  to 
hasten  curing,  if  this  seems  necessary. 

The  sweep  rake.  When  hay  is  to  be 
stacked  in  the  field,  the  most  eaenomical  way 
to  handle  it  is  with  a sweep  rake  and  stacker. 
This  type  of  rake  has  a set  of  long  wooden 
teeth,  mounted  in  a frame,  and  can  be  raised 
or  lowered.  The  frame  is  supported  by  2 
forward  wheels  and  either  1 or  2 rear  wheels. 
The  team  is  hitched  to  the  rear  of  the  rake, 
either  directly  or  to  one  side,  and  pushes  it 
forward.  The  hay  may  be  gathered  out  of 
the  windrow  or  the  swath,  but  usually  out  of 
the  windrow.  When  working,  the  operator 
lowers  the  teeth  to  the  ground  and  drives 
ahead.  The  teeth  slip  under  the  hay  gather- 
ing a load.  When  no  more  hay  will  stay  on, 
the  teeth  are  raised  and  the  load  driven  to 
the  stack.  Then  the  teeth  are  again  lowered 
and  the  team  backed  out. 

The  use  of  the  sweep  rake  is  typically 
Western;  but  it  is  rapidly  finding  favor  over 
the  whole  country,  where  hay  is  put  in  stacks 
in  the  field. 

Hay  tedders.  The  hay  tedder  is  a 2- 
wheeled  machine  with  the  tedding  forks 
directly  in  the  rear.  These  forks  are  damped 
to  a crankshaft,  and  work  in  rotation  with  a 
backward  kick  as  each  fork  begins  to  rise. 
This  picks  the  hay  out  of  the  swath,  so  that 
air  can  circulate  freely  through  it,  thus  hasten- 
ing curing.  If  a dump  rake  is  to  be  used  for 
windrowing,  the  hay  tedder,  run  ahead  of  the 
rake  a few  hours,  will  improve  the  quality 
of  the  hay.  With  a side-delivery  rake,  the 
tedder  is  rarely  needed  except  after  rains. 

. Hay  loaders.  Like  the  side-1 
delivery  rakes,  hay  loaders  are 


Fig.  148.  Side  delivery  rake  of  the  cylinder  type, 
and  (inset)  the  common  dump  rake  which  can  compete 
with  it  only  on  small  farms  and  in  rolling  country. 
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Pig.  149.  Sidedelivery  rake  of  the  fork  type.  Being  likely  to  cause  more  shattering,  this  is  better  for  grass  than 

for  leguminous  hays 


ma<}e  in  both  raking  fork  and  cylinder  styles. 
In  the  first  style,  the  fork  bars  are  attached 
either  to  crooked  crankshafts  or  rock  shafts 
that  give  the  forks  a straight  backward  and 
forward  movement.  As  the  hay  is  pulled 
forward  into  the  loader,  it  is  caught  by  the 
conveyors  and  carried  to  the  wagon. 

The  cylinder-  or  drum-type  loaders  are 
made  with  wire  teeth  attached  to  bars  form- 
ing the  cylinder.  The  drum  is  driven  from 
the  main  axle  and  revolves  continuously. 


lifting  the  hay  on  to  the  carriers  or  conveyors. 
The  carriers  may  be  either  of  the  push-bar 
or  slatted  types.  Both  are  efficient  in  deliver- 
ing the  load  to  the  wagon. 

Both  the  fork-  and  drum-type  loaders  are 
made  to  take  the  hay  out  of  the  swath  or 
windrow,  and  both  do  good  work.  There  is 
a growing  tendency  to  use  the  windrow  loader, 
owing  to  the  better  quality  of  hay  made  by 
windrowing  it  soon  after  being  cut.  These  two 
types  of  loaders  are  in  general  use  and  favor. 


Small-grain  Harvesters 

The  grain  binder.  Aside  from  the  plow,  the  grain  binder  has  had  a greater 
share  in  agricultural  development  than  any  other  farm  implement.  It  has  made 
possible  the  harvesting  of  large  areas  of  grain  with  a minimum  of  human  labor. 

The  binder  is  a complicated  piece  of  machinery,  but  there  are  several  essential 
points  of  construction  that  deserve  special  mention.  Chief  of  these  are  power 
transmission,  the  cutting  device,  the  elevating  device,  and  the  binding  device. 


Power  transmission.  The  grain  binder 
has  one  large  drivewheel,  or  bull  wheel,  as  it  is 
called.  This  wheel  is  set  in  a strong  frame, 


which  is  extended  to  one  side  to  support  the 
platform  and  platform  canvas.  The  outer  edge 
of  the  frame  is  supported  by  a smaller  wheel, 
called  the  grain  wheel.  The  main  driveshaft  is 
set  into  the  frame  back  of  the  bull  wheel  and 
connected  to  it  by  a big  sprocket  drivechain. 
The  driveshaft  is  equipped  with  a clutch, 
which  is  operated  from  the  seat,  to  throw 
the  machine  in  or  out  of  gear. 

All  the  running  parts  of  the  binder  take 
their  power  from  the  main  driveshaft,  either 
by  cog-driven  shafts  or  by  sprocket  and  chain 
gearing. 

The  cutting  device.  The  grain  is  cut  by 
means  of  a sickle,  which  passes  through  a row 
of  pointed  guards,  set  in  the  front  edge  of  the 
platform  frame.  The  teeth  are  serrated,  like 
an  ordinary  file,  and  riveted  to  the  sickle  bar. 
They  do  not  require  sharpening,  like  the  or- 
dinal mower  sickle.  The  sickle  bar  is  driven 
by  a pitman  rod,  which  takes  its  power  from 
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the  main  driveshaft  by  means  of  a secondary 
shaft  extended  forward  along  the  side  of  the 
frame  and  cog-driven. 

Although  not  a part  of  the  actual  cutting 
device,  the  reel  is  used  to  aid  this  function. 
The  reel  has  2 important  lever  adjustments, 
one  to  raise  and  lower  it,  and  the  other  to 
move  it  forward  or  back.  Any  one  driving 
a binder  should  pay  a great  deal  of  attention 
to  the  reel.  By  lowering  it,  grain  that  is  very 
short  can  be  cut  that  would  otherwise  bend 
before  the  sickle  and  never  be  harvested. 
Tall  grain  should  be  cut  with  a high  reel,  in 
order  to  avoid  straw  wrapping  around  it  and 
to  avoid  throwing  the  straw  so  far  back  on 
the  platform  canvas  that  it  will  not  be  properly 
elevated  or  properly  bound. 

Again,  in  cutting  short  grain,  the  reel  should 
be  carried  well  back,  as  well  as  low  down,  in 
order  that  the  grain  may  be  swept  into  the 
sickle  and  a clean  job  of  cutting  done.  This, 
also,  causes  the  short-strawed  grain  to  fall 
farther  back  on  the  canvas,  and  aids  in  proper 
elevation  to  the  packers.  If  the  reel  is  not 
carried  in  this  manner,  short  straw  will  have 
a tendency  to  fall  close  to  the  sickle  bar, 
head  first.  It  is  practically  impossible  to 
make  a good  bundle  when  this  occurs. 

Just  the  reverse  is  true  when  cutting  long- 
strawed  grain.  Carry  the  reel  high  and 
forward.  If  it  is  swept  too  far  back  on  the 
platform  canvas,  it  will  be  elevated  in  the 
same  relative  position  and  bound  too  close 
to  the  butt  of  the  bundles.  Such  bundles  will 
be  hard  to  shock  and  will  take  water  badly. 

The  elevating  device.  The  ordinary  grain 
binder  has  2 elevating  canvases  with  which 
to  deliver  the  straw  to  the  packers.  The 
platform  canvas  runs  the  full  length  of 
the  binder  platform,  which  varies  from  6 to  8 
feet  in  length.  This  canvas  is  driven  by  2 
rollers,  1 at  each  end  of  the  platform.  Its 
movement  is  toward  the  body  of  the  machine, 
where  the  straw  is  delivered  to  the  elevating 
canvases. 

There  are  2 elevating  canvases,  set  at  an 
angle  of  about  90  degrees,  one  above  the  other. 

These  canvases  are 

worked  by  rollers,  the 
same  as  the  platform 
canvas.  The  lower 
roller  of  the  bottom 
elevator  canvas  is  close 


to  the  inside  roller  of  the  platform  canvas, 
which  allows  the  grain  to  feed  up  on  to  the 
elevator.  The  2 elevators  run  in  opposite 
directions,  thus  between  them  lifting  the  grain 
and  delivering  it  directly  to  a sheet-iron  slop- 
ing platform,  where  the  packers  feed  it  into 
the  binding  device. 

The  binding  device.  The  packers  are 
curved  iron  fingers  working  on  a crooked 
crankshaft  which  gives  them  a forward  and 
backward  movement,  lowering  each  packer  as 
it  moves  back,  andraisingit  as  it  comes  forward. 

The  grain  is  pulled  forward  until  it  is  in 
position  on  a steel  spring  trip,  where  it  is  held 
by  an  iron  upright.  As  more  grain  is  fed 
forward,  the  weight  on  the  trip  increases 
until  the  spring  is  tripped.  At  this  point 
a large  iron  needle  comes  forward,  carrying 
the  twine.  This  is  passed  over  the  bundle, 
the  knot  is  tied,  and  the  twine  cut,  all  in  one 
operation.  At  this  point,  the  binder  head  is 
so  timed  that  it  starts  to  revolve,  and  the 
long  iron  fingers  or  rods  push  the  bundle  on  to 
the  bundle  carrier. 

A good  bundle  should  be  tied  around  the 
middle  or  slightly  above  the  middle.  Two 
adjustments  must  be  watched  by  the  operator. 
The  butter  board,  which  keeps  forcing  the 
butt  ends  of  the  straw  into  place,  can  be 
moved  backward  and  forward,  and  has  a 
great  deal  to  do  with  the  place  at  which  the 
bundle  is  tied.  In  addition  to  this,  the  binder 
head  can  be  shifted  back  and  forth  by  a hand 
lever.  When  shifted  forward,  the  bundles 
will  be  bound  closer  to  the  heads;  when  shifted 
back,  they  will  be  bound  nearer  the  butts. 
This  shift  is  a necessary  one  to  watch,  if  a 
good  job  of  binding  is  to  be  done. 

Do  not  oil  the  kn otter  jaws.  If  they  are 
tight  or  rusty,  loosen  them  up  with  kerosene 
before  starting.  After  that,  the  twine  will 
keep  them  polished.  Oil  causes  dust  to  settle 
on  them,  and  also  allows  the  twine  to  slip 
off  too  easily.  If  the  bundles  are  not  tied, 
the  knotter  jaws  may  be  either  too  tight  or 
too  loose;  there  is  a spring  tension  adjustment 
for  this.  Or  the  trouble  may  be  in  the  tension 
of  the  twine  at  the  box,  or  in  an  improperly 
threaded  needle.  Be  sure  the  twine  goes 
through  all  the  little  eyes  before  reaching  the 
needle  provided  for  it. 

Grain  and  seed  savers.  When  cutting 
some  crops,  especially  over-ripe  ones  with  a 
binder,  there  is  more 
or  less  shattering  of 
seed.  This  is  particu- 
larly true  of  sweet 
clover.  In  order  to  save 
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Fig.  151.  The  sweep  rake  is  one 
of  the  few  implements  that  is  pushed 
instead  of  pulled  by  the  team,  ft  is  es- 
sential where  field  stacking  is  practised 
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Fig.  151.  Front  view  of  grain  savor  or  binder.  Front 
end  of  pan  is  unhooked  and  let  down 


this  seed,  it  is  necessary  to  catch  it  at  the 
points  at  which  it  will  fall  from  the  binder 
to  the  ground.  There  are  2 main  points  to 
be  protected— under  the  packers  and  between 
the  platform  canvas  and  the  elevator  canvas. 

A grain-saving  device  attachable  to  a binder 
is  now  on  the  market;  but,  if  a farmer  is  so 
minded,  he  may  make  a good  one  himself 
at  small  cost.  The  materials  and  special 
tools  needed  are:  three  3 by  8 foot  pieces 
of  galvanized  . iron,  3 dozen  1 by  -ft  inch 
stove  bolts,  a vise,  iron  drill,  snip  shears,  3 
dozen  iron  rivets,  about  30  feet  of  lj-mch 
strap  iron;  and  a hack  saw  or  other  instru- 
ment for  cutting  iron. 

There  are  2 main  pans  or  troughs.  One  is 
attached  between  the  platform  and  bull 
wheel,  fastened  to  an  angle  iron  on  the  under 
edge  of  the  platform,  just  beneath  the  lower 
roller  of  the  elevator  canvas,  and  to  the 
frame  of  the  binder  next  to  the  bull  wheel. 
The  other  trough  is  attached  under  the 
packers,  between  the  bundle  carrier  and  bull 
wheel,  and  fastened  to  the  binder  frame  and 
to  the  bundle-carrier  bolts. 

Two  iron  straps  are  used  for  each  trough. 
Have  the  troughs  extend  the  full  width  of  the 
machine,  with  sloping  ends.  In  cutting  tin, 
be  sure  to  make  an  allowance  of  10  inches  or 
more  for  each  end.  One  end  should  be  sloping 
to  such  a degree  that  seed  may  be  raked  out 
easily.  The  pans  are  fastened  to  straps, 
which,  in  turn,  are  fastened  to  the  binder. 
Stove  bolts  may  be  used  for  doing  this. 

Straps  for  fastening  the  troughs  to  the 
machine  should  be  cut  so  that  they  will  be 
36  inches  long,  exclusive  of  end  fastenings. 
The  bottom  of  each  trough  should  be  about 
9 inches  wide,  and  the  sides  about  12  and  15 
inches.  The  sides  should  be  bent  at  an  angle 
of  45  degrees.  Of  course,  these  measurements 
will  vary  with  different  machines. 


An  apron  should  be  placed  under  the  eleva- 
tor canvas,  attached  to  and  a few  inches  under 
the  top  edge  of  the  packer  table,  hanging  out 
over  the  platform  trough.  The  lower  end 
hangs  loose,  resting  on  brace  irons.  It 
should  be  the  full  width  of  the  binder.  A 
strip  of  tin  should  be  placed  under  the  lower 
edge  of  the  packer  boards,  extending  a few 
incnes  out,  and  sloping  back  over  the  bundle- 
carrier  trough.  This  should  be  an  inch  or 
two  longer  than  the  width  of  the  machine, 
curving  m,  so  that  all  material  will  run  into  the 
trough.  Extension  tins  are  placed  on  the 
back  side  of  the  binder,  running  from  the 
lower  edge  of  the  elevating  canvas,  up  under 
the  seat,  and  over  the  top  roller  cogs,  down 
along  the  edge  of  the  packer  table,  connecting 
with  a strip  under  the  latter.  At  the  end  of 
the  packer  table,  this  extension  tin  should  be 
curved  in,  so  that  it  will  funnel  over  and  into 
the  back  trough. 

The  small-grain  header  is  built  on  the  same 
general  lines  as  an  ordinary  binder  except 
that  the  platform  can  be  carried  very  high,  so 
as  to  clip  off  only  the  heads  of  the  grain  with 
a very  small  section  of  straw.  This  machine 
is  pushed  ahead  of  the  team,  to  avoid  running 
down  the  grain,  and  to  simplify  construction. 
The  reel  sweeps  the  grain  directly  on  to  the 
platform  canvas,  which  delivers  it  to  an  eleva- 
tor that  extends  upward  from  the  side  of  the 
machine  to  reach  a grain  rack  that  is  driven 
alongside.  A combination  or  inter-change- 
able header  and  binder  is  also  on  the  market. 

Where  the  ordinary  header  is  used,  the 
grain  must  be  well  matured  at  the  time  of 
cutting.  It  is  taken  directly  from  the  ma- 
chine and  built  into  large  stacks,  to  stand 
until  threshing.  This  practice  can  only  be 
followed  in  the  drier  sections  of  the  Great 
Plains  and  Pacific  Coast  regions,  where  the 
rainfall  is  sufficiently  light  to  allow  it.  A 
still  larger  combination  header  and  thresher 
is  sometimes  used,  which  not  only  heads  the 
grain,  but  threshes  and  sacks  it  at  the  same 
time. 


Fig.  152.  A modern  development  in  harvesting  ma- 
chinery is  the  employment  of  an  engine  to  drive  the 
machinery,  leaving  only  the  traction  to  be  supplied  by 
the  team 
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Results:  small  in  amount,  poor  to  medium  in  quality 


Results:  good  and  moderately  large,  but  measured  after  all  by  the  physical  limitations  of  the 

animal  body 


Results:  excellent,  limited  only  by  the  restrictions  imposed  by  nature  upon  the  operator 


rHE  Progress  of  Farming  Is  Marked  Not  Only  by  the  Increased  Amount  of  Work  Done, 
but  Also  by  the  Greater  Ease  With  which  It  Is  Accomplished 


Because  haying  is  so  nearly  a universal  farm  practice,  improved  hay-harvesting  machinery  is 
among  the  most  valuable  of  modern  agricultural  inventions 

The  Object  of  a Farm  Machine  Is  to  Save  Time,  Save  Labor,  Increase  theIWork  Done 
and  Decrease  Its  Cost.  Do  Your  Implements  Do  This? 
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back  to  the  conveyor,  they  are  caught 
by  the  revolving  points  of  a star-shaped 
knife  and  cut  off,  then  elevated  into  the 
wagon  box. 

The  bean  harvester.  The  early 
method  of  harvesting  beans  was  to  pull 
the  mature  plants  and  cure  them  in  piles 
or  on  stakes.  Of  recent  years,  a bean 
harvester  has  been  developed,  and  its 
use  is  widespread.  Essentially,  this  im- 
plement consists  of  a frame  on  wheels 
and  carries  2 knives.  These  blades  shp 
along  iust  beneath  the  surface  of  the 
ground,  cutting  and  throwing  together 
2 rows  of  beans  at  the  same  time.  Har- 
vesting should  be  done  when  the  plants 
are  mature,  but  should  not  be  delayed 
until  the  pods  are  too  ripe  as  consider- 
able loss  may  be  caused  by  shattering. 


The  reaper  or  self-rake.  This  machine 
is  designed  to  meet  the  needs  of  farmers  who  Coni  Harvesters 

prefer  to  leave  grain  in  gavels  (small  bunches) 

on  the  ground,  rather  than  to  bind  and  shock  The  com  binder.  Com  is  a difficult  crop  to 
it.  For  such  crops  as  flax,  buckwheat,  and  handle  with  machinery  on  account  of  its  size 

clover  seed  the  implement  is  ideal;  but  it  is  and  weight,  and  also  on  account  of  the  loose 

doubtful  whether  it  should  ever  be  used  in  soil  in  the  cornfield,  which  makes  it  very  diffi- 

place  of  the  grain  binder  for  wheat,  oats,  and  cult  to  secure  sufficient  traction  to  operate  a 

other  small  grains  which  sprout  and  dis-  machine.  To  overcome  these  difficulties  and  to 

color  easily  when  left  on  the  ground.  make  a successful  binder,  it  was  first  necessary 

The  reaper  is  built  on  the  order  of  the  to  make  a heavy  machine.  The  drivewheel  Is 

mower,  but  with  only  one,  large  drivewheel,  of  good  width  and  equipped  with  lugs  to  grip 

from  which  the  power  is  taken  in  about  the  soil.  A short,  heavily  trussed  main  frame 

the  same  manner  as  in  the  mower.  The  sickle  extends  out  from  the  drivewheel  and  is  sup- 

is  run  by  a short  pitman  rod  from  the  main  ported  on  the  other  side  bya  lighter  grain  wheel, 

shaft.  In  addition,  there  is  an  upright  shaft  From  the  outer  portion  of  the  frame  4 steel 
with  a heavy  housing,  equipped  at  the  top  beams  or  tubes  are  carried  forward  several 
with  a wide  collar  which  has  a deep  depression  feet.  Two  come  together,  forming  a point  on 

on  the  outside  next  to  the  platform.  the  outside,  and  the  other  2 come  together  on 

Four  large  rakes  or  sweeps  are  pivoted  at  the  inside,  forming  another  point.  These  are 

the  top  of  the  upright  shaft,  and  as  they  re-  the  gathering  points  of  the  machine.  The  2 

volve  are  each  supported  by  a roller  that  runs  inside  bars  converge,  almost  coming  together 

on  the  collar.  As  each  roller  comes  to  the  at  the  point  at  which  they  reach  the  main 

depression,  the  rake  dips  down  and  sweeps  the  frame.  At  this  point,  a sloping  or  curved 

platform  clean,  depositing  the  bunch  behind  knife  is  riveted  to  each  beam;  ana  directly  be- 

the  reaper,  out  of  the  way  of  the  team  for  the  hind  these  stationary  knives  is  a large  single- 

next  round.  sickle  section  that  works  back  and  forth, 

The  platform  is  usually  about  6 feet  wide  driven  by  a pitman  rod. 

and  is  supported  on  the  outer  edge  by  a small  At  the  outer  end  of  each  gathering  point  is 
grain  wheel.  A circular  rail  is  put  on  the  back  attached  a shield  board,  which  extends  back- 
side of  the  platform,  to  conform  to  the  swing  of  ward  and  upward  to  the  main  frame  of  the 
the  rakes  and  to  aid  in  guiding  the  bunches  binder.  Under  each  shield  board  are  located 

as  they  are  delivered  to  the  ground.  2,  and  sometimes  3,  sets  of  conveyor  chains. 

The  kafir  header.  Kafir  corn,  milo,  maize.  These  chains  have  extended  lugs,  which  reach 

and  similar  crops  may  either  be  cut  with  a com  out  into  the  narrow  passageway  between  the  2 
binder  and  shocked  or  it  may  be  headed,  shield  boards. 

leaving  the  stalks  in  the  field.  When  the  binder  is  being  operated,  the 

The  kafir  header  is  a simple  machine,  attach-  driver  lowers  the  2 gathering  points  sufficiently 

able  to  the  side  of  a wagon  box.  It  has  a long,  to  catch  any  down  stalks  and  drives  down  a 
narrow  platform,  equipped  with  an  endless-  row  so  that  the  com  stalks  must  enter  the  pas- 
chain  conveyor.  On  the  outside  of  the  plat-  sageway  between  the  shield  boards.  The  con- 
form is  a high  shield  which  tapeni  to  a point,  veyor  chains  hold  the  com  upright,  and  each 

to  act  as  a gatherer.  stalk  is  sheared  off  by  the  stationary  knives  or 

The  machine  is  attached  to  the  wagon  at  a the  sickle.  It  is  possible  to  lift  and  cut  any 
decided  angle,  with  the  gathering  point  down,  stalk  of  com  that  is  not  lying  in  exactly  the 

It  is  driven  by  a sprocket  and  chain  from  the  same  direction  the  binder  is  moving, 

rear  wheel  of  the  wagon.  As  the  heads  are  fed  After  the  stalks  are  cut,  they  are  shifted 
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Fig.  154.  The  grain  header  used  mainly  on  the  sorghum  crops  does  a similar  work  but  is  an  entirely  different 
implement  from  the  grass  seed  stripper  (Vol,  II.  Fig.  274) 


back  to  binding  position.  Some  binders  lay  arms.  Each  bundle  is  then  delivered  directly 
the  stalks  down,  and  others  stand  them  up  to  the  wagon,  as  it  is  driven  alongside  of  the 
in  a butt  pan  for  binding.  The  latter  device  binder.  The  elevator  frame  is  adjustable,  so 
seems  the  more  practical  for  all  kinds  of  com,  that  it  may  be  raised  or  lowered  to  suit  the 
as  this  pan  can  be  raised  and  lowered  to  suit  height  of  the  load. 

the  height  of  the  com.  Every  com  binder  should  be  equipped  with 

The  binding  mechanism.  The  binding  a tongue  truck.  Without  a truck,  the  heavy 
mechanism  is  the  same  in  principle  as  that  binder  is  very  hard  on  the  necks  and  shoulders 
for  small-grain  binders,  The  stalks  press  of  the  horses.  Where  a truck  is  used,  it  is 
against  a spring  trip  rod  as  they  are  fed  in  by  also  much  easier  to  turn  at  the  end  and  make  a 

the  packers.  When  this  rod  is  tripped  by  the  square  comer.  Some  trucks  are  now  built 

weight  of  the  com,  a needle  carrying  the  so  that  the  wheels  turn  at  an  even  greater 
twine  comes  forward,  passing  the  twine  over  angle  than  the  pole,  thus  making  a square 
the  knotter,  and  the  bundle  is  tied.  When  turn  exceptionally  easy, 
the  trip  is  sprung,  the  discharge  arms  are  also  The  com  picker.  The  com  picker,  or 
released  and  force  the  bundle  out  on  to  the  field  husker,  is  a comparatively  recent  inven- 

bundle  carrier  or  into  the  elevator.  tion  and  is  still  in  the  process  of  development. 

The  bundle  carrier  is  at  the  rear  of  the  ma-  In  design  it  looks  somewhat  like  the  corn 

chine  and  usually  somewhat  to  the  right,  so  binder,  having  the  same  long  gathering  points 

that  the  bundles  may  be  delivered  far  enough  that  run  close  to  the  ground.  Just  inside  of 
to  one  side  to  be  out  of  the  way  of  the  team  these  points,  gathering  chains  with  extended 

when  cutting  the  next  row.  From  3 to  6 lugs  are  usually  placed.  These  lugs  assist  in 

bundles  may  be  carried;  they  are  dropped  by  picking  up  down  com  and  feeding  it  back, 

means  of  a small  foot  treadle  under  the  foot  As  the  com  leaves  the  gathering  chains,  it 

of  the  operator.  is  caught  between  2 snapping  rolls.  These 

The  elevator  attachment  is  an  important  rolls  may  be  made  with  ribs  that  start  at  the 

addition  to  the  com  binder,  when  filling  the  bottom  and  wind  toward  the  top,  corkscrew 


silo.  The  bundle  carrier  is  taken  off  and  the 

elevator  attached 
s — X.  to  receive  the 

>NS^  corn  directly 

from  ^e 
discharge 


Fig.  155.  Diagrammatic  skeleton  side  view  of  a typical  com  binder 
(Office  of  Experiment  Stations,  Bulletin  173.) 


style,  or  they  may  be  corrugated.  The  rolls 
snap  the  ears  from  the  stalks,  leaving  the  stalks 
and  leaves  in  a pretty  badly  mangled  condition. 
After  the  ears  are  snapped  off,  they  are  carried 
around  to  the  husking  rolls.  These  are  gen- 
erally 8 in  number  and  work  in  pairs,  the  in- 
dividual rollers  in  each  pair  running  in  opposite 
directions.  In  some  machines,  the  rolls  are  set 
side  by  side;  in  others,  one  roll  of  a pair  is 
slightly  higher  than  the  other. 

Each  set  of  rolls  is  equipped  with  a husking 
device,  according  to  the  manufac- 
turer’s idea.  Some  have  raised 
V shoulders  and  husking  pins,  while 

others  have  alternating  sections 
and  cylinders.  As  the  com  is  de- 
- — livered  from  the  snapping  rolls,  it 
is  put  in  a lengthwise  position  by 
means  of  agitators.  This  gives 


means  of  agitators.  This  gives 
the  husking  rolls  a chance  to  tear 
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away  the  husks.  Any  corn  that  may' be 
shelled  off,  together  with  the  husks,  falls 
through  the  rolls  to  a cleaner  chain  or  con- 
veyor. A screen  is  provided  to  catch  the 
corn,  which  is  carried  back  to  the  wagon 
elevator  while  the  husks  fall  back  on  the 
ground.  The  wagon  elevator  is  so  adjusted 
that  it  may  be  raised  or  lowered  to  suit  any 
wagon.  Some  machines  are  now  made  so 
that  the  elevator  may  be  thrown  out 
of  gear  independent  of  the  husking  part. 
This  arrangement  is  very  convenient  for 
turning,  as  there  is  often  not  room  for  the 
wagon  to  turn  with  the  picker.  When  the 
wagon  is  in  position  again,  the  elevator  is 
once  more  thrown  into  gear  and  the  accum- 
ulated ears  pass  on  to  the  wagon. 


Like  the  corn  binder,  a picker  can  get  all 
of  the  down  com  except  that  lying  in  exactly 
the  same  direction  in  which  the  picker  is 
moving.  The  machine  is  very  heavy,  and 
usually  requires  5 horses  to  pull  it.  Besides 
this,  an  extra  wagon  must  be  driven  alongside 
to  take  care  of  the  husked  com.  Where 
labor  is  scarce,  some  men  make  a practice  of 
taking  3 or  4 wagons  to  the  field  and  husking 
them  full  before  unloading  any.  In  this  way 
2 men  can  husk  and  crib  about  5 acres  in  a 
day,  provided  there  is  an  elevator  at  the  crib. 
The  average  com  picker  is  still  far  from  per- 
fect; but  the  machine  is  correct  in  principle 
and  will  undoubtedly  soon  be  in  common  use 
on  farms  which  are  large  enough  to  warrant  the 
employment  of  such  equipment. 


Potato  Diggers 

The  walking  digger.  This  implement  looks  much  like  a walking  plow,  except 
that  it  is  fitted  with  a broad,  bill-shaped  shovel  or  scoop,  instead  of  a moldboard. 
Attached  to  the  back  of  the  shovel  are  iron  rods.  The  potatoes  are  lifted  out  of 
the  ground  by  the  scoop  and  pass  back  over  the  rods,  which  sift  out  the  dirt  leav- 
ing the  potatoes  uncovered  in  the  furrow. 

The  riding  digger.  This  digger  has  a long,  sloping  frame  supported  by  the 
drivewheels.  Each  wheel  is  equipped 
with  soil  lugs,  to  insure  plenty  of  trac- 
tion. At  the  lower  end  of  the  frame 
there  is  a pointed  scoop.  The  bottom 
of  the  frame  is  a slatted  endless-chain 
conveyor. 

The  potatoes  are  lifted  out  of  the 
ground  by  the  scoop;  and,  as  they  are 
carried  back,  the  dirt  falls  through  the 
slats,  while  the  potatoes  are  delivered 
over  iron  bars  at  the  rear  to  the  ground 
again. 

On  one  digger,  a side  elevator  has  been  added  that  places  the  potatoes  in  a 
basket  or  hopper  instead  of  letting  them  fall  to  the  ground.  The  potatoes  may 
be  dumped  in  piles  on  the  ground  or  put  in  baskets,  crates,  or  sacks.  This  at- 
tachment does  away  with  a great  deal  of  hand  labor,  and  should  be  extensively 
used  in  potato-growing  sections. 

The  potato  digger  is  a heavy  draft  machine  and  must  be  strongly  built  to 
resist  the  wear.  Where  the  digging  season  extends  over  a number  of  days,  a 
small  binder  engine  may  be  mounted  on  the  digger  to  run  all  parts  except  pulling 
the  machine  forward.  This  will  greatly  lessen  the  draft  of  the  implement. 


Fig.  156.  An  improved  potato  digger  carrying  a 
gatherer  which  does  all  the  picking  and  delivers  the  crop 
a boxful  at  a time. 


Cotton  Pickers 


An  efficient  cotton-harvesting  machine  would  be  a boon  to  a huge  army  of 
American  farmers.  Unfortunately  no  such  implement  is  yet  found  m the  field 
as  a practical,  thoroughly  reliable,  satisfactory  piece  of  farm  equipment.  Never- 
theless the  following  report  from  Mr.  Arthur  Johnson  of  the  Experimental  De- 
partment of  the  International  Harvester  Company,  is  interesting  both  as  a 
statement  of  conditions  in  1917,  and  as  a forecast  of  possible  developments 
in  the  future: 
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“There  have  been  efforts  for  the  last  25 
years  to  produce  a cotton  picker;  the  efforts 
have  been  divided  mainly  into  2 classes. 
The  first  and  oldest  type  of  picker  is  one  in 
which  there  are  a large  number  of  spindles 
located  on  a revolving  cylinder,  2 cylinders 
being  used,  one  on  each  side  of  the  plant. 
The  spindles  revolve  on  their  own  axes,  and 
rotrude  into  the  plant  as  the  machine  is 
auled  along  the  row  of  cotton  and  as  the 
cylinder  revolves,  there  is  mechanism  on  the 
opposite  side  to  doff  the  cotton  and  elevate 
it  into  a sack. 

“With  this  type  of  machine  the  cotton 
picked  is  dirty,  and  loses  some  of  its  value  in 
grading  on  that  account.  Moreover,  as  you 
doubtless  know,  the  cotton  ripens  gradually, 
the  bolls  on  the  lower  part  of  the  plant  ripen- 
ing first,  and  as  the  season  progresses  those 
bolls  higher  up  in  the  plant  gradually  come 
to  maturity. 

“In  using  a machine  of  this  kind  there  is  a 
chance  for  some  of  the  immature  plants  to  be 
spoiled.  Then  again,  in  spite  of  the  fact  that 
some  of  the  men  engaged  on  the  development 


of  this  type  of  machine  have  been  able  to 
apply  an  unusually  large  number  of  spindles 
and  place  them  as  close  together  as  mechani- 
cally possible,  they  often  miss  some  of  the 
bolls  of  cotton  and  do  not  do  a clean  job. 
Our  observation  on  this  type  of  machine  leads 
us  to  be  very  skeptical  as  to  any  possible 
success. 

“The  other  type  of  machine  is  the  pneumat- 
ic type,  where  a man  has  a number  of  nozzles 
operated  in  connection  with  a blower  and  the 
nozzle  used  to  suck  the  cotton  out  of  the  boll 
as  it  is  presented  to  each  boll,  and  is  used  in  lieu 
of  the  fingers  of  the  hand  picker,  so  to  speak. 

“This  type  of  machine  does  a clean  job, 
the  cotton  grades  well.  The  machines  are  so 
far  along  that  they  operate  without  trouble. 
The  grave  question  about  this  type  of  machine 
is  whether  it  is  any  faster  or  more  economical 
than  hand  picking,  as  to  make  it  a practical 
machine.  This  scheme  has  possibilities  in  it, 
in  our  opinion,  depending  upon  the  skill  of  the 
designer  in  getting  a nozzle  with  the  flexible 
pipe  connected  back  to  the  blower  in  such 
shape  as  to  be  handy  to  the  operator.” 


Grain  Separators 

The  successful  threshing  of  grain  depends  first  on  getting  the  grain  out  of  the 
straw,  then  separating  it  from  the  chaff,  and  finally  delivering  it  to  the  wagon  or 
sack.  There  are,  of  course,  many  features  about  a thresher  that  make  for  con- 
venience and  labor  saving  that  are  not  essential  to  the  main  task  of  producing 
dean  grain  from  the  bundles. 

Feeding  device.  Old-style  threshers  and  many  of  the  smaller  rigs  used  to-day 
are  fed  by  hand.  The  bundles  are  pitched  to  a platform  on  either  side.  The 
bands  are  cut  by  hand,  and  one  man  feeds  the  grain  into  the  cylinder. 

A self-feeder  equipment  is  now  used  in  most  places.  This  feeder  is  simply  a 
platform  hinged  to  the  thresher  at  the  cylinder,  and  equipped  with  an  endless 
conveyor  which  carries  the  bundles  to  the  cylinder.  There  is  a guard  board 
on  either  side,  and  a dividing  board  down  the  centre;  this  is  to  keep  the 
bundles  coming  straight  to  the  cylinder,  where  the  machine  is  being  fed  from 
both  sides. 

' The  most  important  thing  about  the  self-feeder  is  the  governor.  This  is  so 
timed  with  the  cylinder  that,  when  the  cylinder  speed  is  reduced  to  a certain 
point,  the  feeder  stops  automatically,  thus  keeping  the  machine  from  becoming 
choked  up  and  wasting  grain.  It  is  very  important  that  the  governor  device  for 
the  feeder  should  always  be  in  first-class  condition. 

In  'the  way  of  saving  labor,  the  self-feeder  does  away  with  2 band  cutters  and 
the  feeder.  It  would  soon  save  its  cost  on  the  saving  of  labor. 


Cylinder,  concaves,  and  band  knives. 
As  the  gram  leaves  the  feeder,  it  is  caught  by 
the  band  knives,  and  the  bands  are  cut. 
These  knives  may  be  of  the  revolving  type  or 
may  work  back  and  forth  on  a bent  crank- 
shaft. The  straw  then  passes  between  the 
cylinder  and  the  concave  teeth,  where  most 
of  the  grain  is  knocked  out.  The  new  types 
of  cylinders  are  made  of  iron  bars  with  rows 
of  teeth  bolted  in  place.  Tnere  is  an  open 


place  between  the  bars,  so  that  no  grain  can 
lodge.  The  number  of  bars  used  is  variable; 
but,  for  successful  threshing,  the  fewer  the 
number  of  bars,  the  greater  must  be  the 
speed  of  the  cylinder,  and  vice  versa. 

The  concaves  are  in  rows  directly  under  the 
cylinder,  the  teeth  being  so  set  that  there  is  a 
little  clearance  between  them  and  the  cylin- 
der teeth.  Adjustment  for  this  distance  can 
be  made  as  required.  The  number  of  con- 
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cave  bars  used  is  also  variable  according  to 
threshing  conditions.  The  concave  bars  are 
usually  divided  in  one  or  more  places  by  a 
blind  bar  that  is  grated,  so  that  the  grain  will 
fall  through  on  to  the  grain  pan. 

Grates  and  beater.  Directly  back  of  the 
concaves  and  extending  backward  and  up- 
ward is  a grate.  This  grate  is  provided  with 
large  openings,  so  that  most  of  the  grain  falls 
directly  through  to  the  grain  pan. 

The  beater  is  stationed  just  above  the 
grates.  It  has  much  the  same  action  as  a 
nail,  beating  grain  out  of  the  straw  that  es- 
capes the  cylinder  and  concave  teeth,  and 
forcing  the  shelled  grain  through  the  straw 
so  that  it  will  drop  Detween  the  grate  bars 
on  to  the  grain  pan. 

Straw  conveyors  and  racks.  After  the 
straw  has  passed  the  beater,  it  is  taken  by  a 
conveyor  to  the  racks.  Some  conveyors  are 
of  the  open-web  type,  operated  by  sprocket 
and  chain.  Others  are  of  the  push-bar  type, 
made  of  notched  wooden  bars  that  move 
back  and  forth  on  a bent  crankshaft.  Both 
types  allow  grain  to  fall  through  to  the  grain 
pan,  if  it  has  been  able  to  pass  over  the  grate. 

Thestraw  passes  directly  from  the  conveyor 
to  the  racks.  These  racks  are  the  width  of 
the  machine,  and  extend  back  to  the  straw 
carrier  or  blower.  Racks  of  the  newer  type 
are  designed  to  have  a circular  or  rotary 
motion,  that  is,  up,  forward,  down,  and  back. 
This  keeps  the  straw  from  bunching,  and 
passes  it  to  the  rear  in  a steady  stream.  Any 
grain  that  may  still  be  caught  in  the  straw  is 
shaken  out,  and  drops  through  the  racks  into 
a return  pan,  which  works  it  forward  to  the 
grain  pan  or  conveyor. 

Stackers  and  blowers.  After  the  straw 
reaches  the  rear  end  of  the  rack,  it  is  passed 
on  to  the  stacker  or  blower,  as  the  case  may 
be.  The  stacker  is  merely  an  outside  elevator 
attached  to  the  rear  end  of  the  machine.  It 
is  adjustable  up  and  down,  and  most  stackers 
may  be  extended  in  length  as  the  stack 
goes  up. 

The  wind  stacker,  or  blower,  is  most  com- 
monly  used.  As  the 
straw  leaves  the  rack, 
it  is  forced  through 
the  blower  pipe  by 


a wind  blast  from  a fan  in  the  lower  part  of 
the  rear  end  of  the  machine. 

Grain  conveyor  and  sieves.  The  grain 
pan  or  conveyor  extends  the  length  of  the 
machine  from  front  to  rear.  The  rear  end 
of  this  conveyor  is  known  as  the  chaffer  sieve. 
It  is  full  ‘of  oblong  holes,  with  the  punched- 
out  metal  turned  up  to  form  rows  of  tips 
down  the  length  of  the  sieve.  A chaffer  ex- 
tension reaches  back  to  the  fan  chamber,  so 
that  much  of  the  chaff,  short  pieces  of  straw, 
and  sticks  are  worked  over  to  the  blower. 

A cleaning  fan  is  placed  under  the  machine 
somewhere  near  the  centre.  A wind  board 
is  so  located  that  the  blast  from  this  fan 
strikes  the  conveyor  about  half-way  back. 
The  strongest  part  of  the  blast  will  then  pass 
through  the  shoe  sieve  near  the  front  end, 
giving  it  cleaning  capacity  its  entire  length. 

The  grain  passes  through  the  shoe  sieve, 
falling  on  a solid  surface,  called  “the  shoe.” 
This  slopes  down  to  the  grain  auger.  As  the 
grain  slips  down  the  shoe,  it  must  pass  over  a 
screen  at  the  back  of  the  shoe,  where  most  of 
the  weed  seeds  not  previously  removed  are 
taken  out. 

Tailings  auger.  Under  the  chaffer  ex- 
tension and  back  of  the  shoe  sieve  and  shoe 
is  the  tailings  auger.  This  catches  un- 
threshed heads,  grain  that  is  blown  over,  and 
trash  from  the  conveyor  that  has  not  passed 
out  to  the  blower,  and  brings  all  of  this 
material  back  to  the  cylinder  again.  ( 

Few  tailings  should  be  returned.  If  much 
good  grain  comes  back,  it  may  come  either 
from  the  conveyor  or  from  the  shoe  sieve.  If 
it  comes  over  the  shoe  sieve,  there  is  probably 
too  much  chaff  on  the  sieve.  To  remedy  this, 1 
close  the  chaffer  sieve  above  slightly.  If, 
however,  the  good  grain  is  coming  through 
the  chaffer  extension,  then  the  chaffer  should 
be  opened  still  more.  \ 

When  the  clean  grain  gets  to  the  grain 
auger,  it  is  elevated  to  the  weigher  or  wagon 
spouts  or  sacking  spouts,  as  the  case  may  oe.j 
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The  Cltfver  Huller 

The  clover  huller  is  much  the  same  in  principle  as  the  grain  separator,  but  es- 
sentially different  devices  are  used  to  accomplish  the  work. 

As  the  clover  is  fed  into  the  machine,  it  passes  between  the  cylinder  and  con- 
cave teeth,  where  the  heads  are  knocked  from  the  straw.  All  of  this  material 
passes  back  on  a shaker  floor  or  separating  table.  The  floor  of  this  table  is  slotted 
so  that  the  chaff  and  heads  will  fall  through;  but  the  heavy  straw  is  worked  back 
to  the  blower,  or  stacker,  by  saw-toothed  strips  which  run  the  length  of  the  table. 

The  chaff  and  heads  may  pass  through  one  or  more  shakers,  according  to  the 
make  of  the  huller,  and  are  then  delivered  to  the  hulling  cylinder. 

This  cylinder  and  the  concaves  may  be  equipped  with  rasps  or  steel  beads. 
Both  do  effective  work;  but  it  is  claimed  that  m damp  clover  the  rasps  are  more 
apt  to  gum  up. 

After  leaving  the  hulling  cylinder,  the  hulled  seed  with  the  chaff  is  elevated 
to  a chaffer  sieve,  where  most  of  the  stems  and  coarse  material  are  taken  off  to 
the  blower,  as  in  the  thresher.  The  seed  and  fine  chaff  fall  through  the  chaffer 
on  to  a finer-meshed  shoe  sieve.  Underneath  this  sieve  one  or  more  fan  boards 
are  placed.  The  blast  from  the  fan  comes  up  through  the  sieve  and  floats  the 
chaff  toward  the  blower. 

The  seed  and  chaff  that  fall  through  the  shoe  sieve  pass  over  a sand  screen  to 
the  seed  auger  and  are  elevated  to  the  recleaner.  The  unhulled  pods  and  the 
heavy  chaff  fall  into  the  tailings  auger,  and  are  returned  to  the  hulling  cylinder 
to  pass  through  the  machine  again. 

The  recleaner  contains  an  independent  fan  and  sieves.  As  the  partially 
cleaned  clover  comes  from  the  main  shoe,  it  is  deposited  on  the  front  end  of  the 
upper  sieve  of  the  recleaner.  The  blast  from  the  fan,  together  with  the  shaking 
motion  of  the  sieves,  accomplishes  the  cleaning.  Before  it  reaches  the  bottom 
of  the  sieve  chamber,  the  seed  must  pass  over  another  sand  screen,  where  particles 
of  sand  and  soil  are  removed.  It  then  runs  into  the  seed  spout  and  thence  into 
the  bag. 
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Hulling  with  a separator.  Clover  may- 
be hulled  with  a grain  separator  by  insert- 
ing a set  of  special  concaves  filled  with  cor- 
rugated or  rasp  teeth.  It  will  also  be  neces- 
sary to  close  up  the  shoe  sieve  if  it  is  ad- 
justable, and  better  'work  will  be  done  if  a 
regular  clover  sieve  be  placed  under  the  shoe 
Jeve. 

To  secure  good,  clean  seed,  a recleaner, 
like  the  regular  recleaner  on  a clover  huller, 
can  be  secured  for  most  separators.  This  is 
attached  to  the  side  of  the  machine,  and 
operates  as  described  above. 

The  clover-hulling  attachment  will  do  very 
good  work  when  hulling  sweet  clover,  owing 
to  the  fact  that  the  seed  is  so  easily  knocked  off 
the  stems.  With  other  clovers,  however, 
there  is  a considerable  waste  of  seed,  owing 
to  the  fact  that  there  is  no  hulling  cylinder  in  a 
separator  and  the  rasp  teeth  fail  to  knock 
all  of  the  seed  out  of  the  chaff. 

Pea  and  bean  threshers.  The  success- 
ful hulling  of  peas  and  beans  presents  a more 
difficult  problem  than  one  would  naturally 
suppose.  These  crops  absorb  moisture  read- 
ily after  being  harvested,  and  there  are  in- 
variably a number  of  pods  that  are  tough, 
even  though  the  straw  seems  dry.  In 
addition  to  this,  there  are  always  on  the  vines 
late  pods  that  are  hardly  mature  when  the 
earlier  pods  are  beginning  to  shatter.  This 
variability  in  maturing  also  makes  for  dif- 
ficult threshing. 

Regular  pea  and  bean  hullers  are  built  on 
the  same  general  lines  as  a grain  separator, 
but  are  equipped  with  two  cylinders  instead  of 
one.  A slow  speed  must  be  maintained  to 


avoid  cracking  beans,  particularly  the  ripe 
ones.  For  this  reason  the  front  cylinder  is  run 
slower  than  the  back  one.  Most  of  the  ripe 
beans  are  knocked  out  of  the  pods  by  the 
front  cylinder,  and  fall  through  the  grates  and 
racks  to  the  grain  pans  before  reaching  the 
second  cylinder.  The  second  cylinder  runs 
at  a higher  rate  of  speed  than  the  first,  which 
tends  to  knock  the  beans  out  of  tougher  pods. 
All  of  the  coarse  material  passes  from  the 
second  cylinder  to  the  straw  racks.  These 
are  equipped  with  lifting  rakes  which  keep 
the  straw  well  agitated.  Hulled  beans 
and  unthreshed  pods  fall  through  to  the  grain 
pan.  Most  of  the  unthreshed  pods  go  over 
the  chaffer  to  the  tailings  auger  and  are  re- 
turned again  to  the  second  cylinder  for 
hulling. 

The  cleaning  of  peas  and  beans  is  not 
essentially  different  from  that  of  grain,  as 
previously  described.  A special  grader  or 
delivery  spout  is  used,  however,  to  aid  the 
work.  This  grader  has  a vibrating  motion. 
A small  screen  at  the  bottom  permits  sand, 
dirt,  and  small  stones  to  fall  through  to  the 
ground.  A coarse  screen  above  separates 
sticks  and  pods  that  may  have  escaped  the 
sieves.  The  peas  or  beans  fall  through  this 
screen  on  to  the  bottom  one  and  are  delivered 
from  one  spout  while  the  trash  falls  from 
another. 

Peas  and  beans  may  be  hulled  with  fair 
results  by  an  ordinary  thresher  if  it  is  prop- 
erly equipped.  The  cylinder  speed  must  be 
decreased;  the  chaffer  and  shoe  sieve  should 
be  adjusted  and  opened  a little  wider  than 
for  wheat;  and  the  extension  beyond  the 
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chaffer  must  be  opened  wide  enough  to  permit 
unhulled  pods  to  drop  through  to  the  tailings 
auger. 

If  hulled  beans  are  returned  with  the  tailings 
to  the  cylinder,  there  will  be  more  cracked 


beans  with  the  cleaned  ones.  It  is  a good 
plan,  therefore,  to  open  the  bottom  of  the 
tailings  elevator  and  let  them  run  out  on  a 
canvas,  then  put  this  material  through  the 
separator  when  cleaning  up. 


Com  Shelters 


Hand  shelters.  The  ordinary  hand  com  shelter  consists  of  a narrow  steel  or 
wood-frame  box,  with  legs  sufficiently  long  to  make  the  shelter  easy  to  operate. 

Two  styles  of  shelling  devices  are  in  general  use — the  picker-wheel  and  the 
cylinder  shelter. 

In  the  picker-wheel  type,  an  iron  chute  leads  down  into  the  machine,  the  upper 
part  being  adjustable  with  sham  iron  points,  called  the  rag  iron.  This  iron  is 
held  in  position  by  a spring,  and  brings  the  pressure  on  the  ear  of  com.  At  one 
side  of  the  chute  is  a large  upright  revolving  plate  with  projecting  points,  called 
the  picker  wheel.  These  points  shell  the  com  from  the  cob,  giving  the  ear  a re- 
volving motion  in  the  process  and  thus  insuringdean  shelling. 

The  shelled  com  falls  through  to 
the  delivery  spout,  being  subject,  as  it 
descends,  to  a wind  blast  which  blows 
out  the  chaff.  The  cobs  are  carried 
upward  by  the  picker  wheel  and  deliv- 
ered to  the  outside. 

The  cylinder  shelters  have  a conical 
iron  grate  for  a chute,  in  which  an 
iron  cylinder  studded  with  many  pro- 
jections is  revolved.  Since  the  size  of 
the  grate  decreases  toward  the  lower 
end,  increasing  pressure  is  put  on  the 
com.  The  projections  on  the  cylinder 
shell  the  com  from  the  cobs,  giving 
each  ear  at  the  same  time  a revolving 
motion,  just  as  in  the  picker  machines. 
Similarly  the  shelled  com  falls  through 
the  grate  bars  and  is  delivered  below, 
while  the  cobs  are  pushed  on  through 
to  a separate  delivery  spout. 

Power  shelters.  Power  shelters  are 
designed  for  commercial  work  or  for 
large  farms  where  much  shelled  com  is 
used.  In  most  communities  where  com  is  sold  in  quantity,  it  is  shelled  on  the 
farm  before  being  hauled  to  the  elevator.  This  practice  is  a distinct  advantage 
in  many  ways.  There  is  less  bulk  to  haul;  the  grade  of  the  com  can  be  readily 
established,  thus  insuring  an  equitable  price  to  the  producer;  and  the  farmer  can 
usually  shell  his  com  cheaper  per  bushel  than  the  elevator  man  is  willing  to  do 
the  same  work. 


Fig.  160.  The  hand-power  corn  sheller  has  long 
been  one  of  the  most  widely  used  of  all  American  farm 


Shelling  device.  Practically  all  power 
shellers  are  built  with  either  a picker-wheel 
or  cylinder  shelling  device.  In  principle, 
these  two  devices  are  the  same  as  described 
under  “Hand  shellers”;  but  they  are  built 
larger  and  stronger  to  suit  the  requirements  of 
heavier  work.  Owing  to  the  fact  that  con- 


siderable trouble  arises  from  breakage  of 
the  springs  that  put  the  pressure  on  the  rag 
iron  m the  picker  wheel,  the  cylinder  shellers 
are  growing  in  favor  for  commercial  work. 

Self-feeder.  For  both  styles  a self-feed- 
er is  now  invariably  used.  In  the  picker- 
wheel  type,  there  are  several  holes,  each  lead- 
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ing  down  to  an  independent  wheel,  the  num- 
ber of  holes  depending  on  the  size  of  the 
sheller.  The  self-feeder  must  be  designed 
to  shake  the  ears  down  into  grooves,  so  that 
each  groove  will  deliver  its  ears  lengthwise 
into  a sheller  hole. 

Separation.  When  the  ears  of  corn  are 
forced  through  the  shelling  device,  the  grain 
falls  downward,  but  the  cobs  and  pieces  of 
husk  are  caught  by  a conveyor  and  carried 
to  the  outside  of  the  machine,  usually  being 
delivered  to  a V-shaped  cob  stacker  equipped 
with  an  elevating  chain.  The  conveyor  has 


a set  of  agitators  which  keep  the  cobs  and 
husks  stirred  up,  so  that  any  loose  kernels  that 
have  caught  in  this  material  will  fall  back  to 
the  rear  shoe  and  thence  down  to  the  grain 
auger. 

Redeaning.  The  bulk  of  the  grain  falls 
straight  down  from  the  shelling  device,  strik- 
ing a front  shoe  that  is  directly  over  the  fan. 
As  the  corn  comes  over  the  edge  of  this  shoe, 
it  is  subject  to  an  air  blast,  which  removes 
the  chaff  and  stray  bits  of  husk.  The  grain 
then  falls  into  the  grain  auger  and  is  elevated 
directly  to  the  wagon  or  to  sacks. 


Fig.  161.  The  power  driven  corn  sheller,  a (product  of  com  belt  needs  and  tendencies 
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CHAPTER  10 


Machines  Used  in  Preparing  Crops  for  Use 


By  F.  H.  Demaree  (see  Chapter  7).  The  easiest  possible  way  to  dispose  of  a crop  is  to  pasture 
it:  where  this  is  impossible  machine  harvesting  must  be  resorted  to.  Some  crop  products  go  still 
farther  and  require  an  additional  handling;  for  example,  baled  hay,  ensilage,  etc.  The  machines 
and  implements  used  in  thus  working  over  or  “changing”  the  important  crops,  and  the  right  way  to 
use  them,  form  the  subject  of  this  chapter. — Editor. 


MANY  of  the  machines  described  in  this  chapter  are  complicated  and  expen- 
sive. The  observations  of  the  writer  point  plainly  to  the  fact  that  neither 
the  individual  farmer  nor  one  engaged  in  custom  work  will  be  successful  with 
many  of  these  machines  without  careful  study  of  each  one  of  them  and  the  func- 
tioning of  its  parts. 

Not  only  may  an  expensive  machine  be  quickly  ruined  by  improper  manage- 
ment and  want  of  care,  but  the  chances  of  serious  accidents  are  great.  While 
this  chapter  was  being  written,  a friend  of  the  writer's  caught  his  hand  in  the  gear 
of  an  ensilage  cutter  and  had  a finger  tom  off— and  he  does  not  yet  know  how 
it  happened.  Manufacturers  are  taking  pains  to  make  their  machines  as  safe 
as  possible:  enclosing  gears,  extending  oil  pipes  to  points  of  safety,  using  high- 
class  materials,  etc.  Consequently,  most  accidents  are  traceable  to  negligence  or 
ignorance  on  the  part  of  the  operator.  Intelligent  care  cannot,  however,  be 
exercised  without  knowledge  of  the  machine. 

The  Hay  Press  or  Baler 

Baled  hay  or  straw  occupies  only  about  one  fifth  of  the  space  required  to  store 
the  same  material  when  loose.  This  fact  is  in  itself  the  chief  reason  for  baling. 
If  bam  room  is  inadequate  for  loose  hay,  baling  will  generally  be  found  cheaper 
than  additional  buildings.  The  bulk  of  hay  and  straw  is  so  great  that  it  must  al- 
ways be  baled  for  shipment.  Bales  for  the  market  should  be  tight,  neat,  and 
trim;  the  successful  operation  of  the  baler  is,  therefore,  important. 


The  hopper.  The  main  part  of  a baler 
consists  of  the  hopper  and  the  baling  chamber, 
which  latter  is  merely  an  extension  of  the 
hopper,  made  of  heavy  angle-iron  bars.  The 
hopper  is  solid  on  both  sides,  but  opens 
directly  into  the  baling  chamber  on  the  inner 
end  and  has  a false  end  on  the  other,  which  is 
pushed  forward  to  compress  the  hay  or  straw. 
This  is  known  as  the  plunger. 

The  hopper  sides  are  extended  upward  and 
outward  above  the  level  of  the  baling  cham- 
ber, to  secure  greater  capacity.  An  extension 
from  one  side  forms  the  feed  table. 

Feeder  and  plunger.  As  the  material  to 
be  baled  is  pitched  into  the  hopper,  it  must 
be  forced  far  enough  down  for  the  plunger  to 
push  against  it.  In  old-style  balers,  the 
feeder  does  this  with  his  foot.  In  modern 
balers,  a self-feeder  has  been  devised  that 
works  alternately  with  the  plunger,  forcing 
the  charge  of  hay  down  between  strokes. 


The  self-feeder  consists  of  a heavy  steel  arm 
with  a right-angle  bend.  It  is  hinged  at  the 
upper  end  and  geared  with  the  plunger,  as 
indicated  above.  The  other  end  of  the  arm 
is  equipped  with  a broad  feeder  head  with 
sufficient  surface  to  force  the  hay  to  the 
bottom  of  the  hopper. 

As  the  hay  reaches  the  bottom  of  the 
hopper,  the  plunger  starts  forward.  Two 
styles  of  plungers  are  used:  the  pitman,  which 
pushes  the  block,  and  the  toggle- j oint  plunger , 
which  pulls  instead  of  pushing.  When  the 
itman  type  is  used,  the  power  must  be  located 
ackof  the  hopper.  Where  the  toggle-ioint 
plunger  is  employed,  the  power  is  in  front 
of  the  baling  chamber,  the  plunger  rod  run- 
ning underneath  the  chamber  floor. 

The  pitman  plunger  works  on  the  same 
principle  as  any  ordinary  pitman  rod.  Where 
the  toggle-joint  plunger  is  used,  at  the  begin- 
ning of  the  stroke,  the  rear  toggle  link  is 
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stiock 

Fig.  162.  The  essential  working  parts  of  a horse-operated  hay  baler 


pulled  upward  until  the  stroke  is  half  com- 
pleted and  the  link  is  in  a vertical  position. 
As  the  stroke  advances,  the  pull  at  the  joint 
begins  to  straighten  out  the  links,  and  in- 
creased pressure  is  the  result.  There  is  some 
danger  of  buckling  with  a pitman-style 
plunger,  but  none  with  the  toggle- joint 
type. 

Bale  tension.  The  outer  end  of  the  bal- 
ing chamber  is  fitted  with  a tension  rod  which 
encircles  both  sides  and  bottom  of  the  cham- 
ber near  the  rear  end.  Across  the  top  is  a 
tension  tie,  through  the  ends  of  which  the 
tension  rods  pass.  The  tension-rod  ends  are 
threaded  and  fitted  with  a hand  wheel  or 
other  tightening  device.  As  these  are  screwed 
up,  the  tension  on  the  end  of  the  bale  in- 
creases. Some  tension  rods  are  constructed 
to  permit  tightening  from  the  side  as  well  as 
from  the  top  and  bottom.  This  is  known  as 
the  double-bale  tension.  Proper  tension 
insures  a neat,  compact  bale. 

Blocks  and  block  setter.  The  proper  length 
of  the  bale  is  indicated  by  a signal  bell 
or  is  ascertained  by  watching  a measured 
scale  on  the  bale  chamber.  When  a bale  in 
process  of  formation  reaches  this  point,  a 
heavy  block,  usually  of  wood,  is  inserted  in 
the  bale  chamber,  to  cut  off  the  finished  bale 
and  allow  a new  one  to  start.  In  some  balers, 
the  block  is  inserted  by  hand;  but  in  the 
modern  power  types  an  automatic  block 
setter  is  used.  A special  case  for  the  block 
is  located  under  the  feeder  arm.  When  the 
blodc  is  set,  the  case  is  tripped  by  a hand 
lever,  and  as  the  feeder  arm  goes  on  the  down- 
stroke,  the  block  case  is  carried  forward  and 
downward  to  the  bottom  of  the  hopper.  A 
bracket  on  the  feeder  head  pushes  the  block 
into  the  bale  chamber,  and  the  case  returns 
with  the  upstroke  again. 

The  blocks  are  so  constructed  as  to  leave 
2 large  grooves  on  both  faces.  These  grooves 
are  about  6 or  8 inches  apart.  As  the  new 
bale  is  pushed  forward,  a wire  is  inserted 
through  each  groove  next  to  the  straw.  As 
the  next  block  appears,  the  same  wires  are 
inserted  through  the  grooves  of  that  block, 
so  as  to  encircle  the  bale.  The  ends  of  each 


wire  are  spliced  loosely  and,  as  the  bale 
leaves  the  chamber,  the  expansion  of  the 
straw  draws  them  tight. 

Power.  Balers  are  operated  by  both 
horsepower  and  motor  power.  Owing  to  the 
size  and  capacity  of  the  baler,  a 1-  or  2-' 
horsepower  sweep  is  furnished.  Those 
operated  by  motor  power  are  of  various  sizes 
and  may  be  driven  by  stationary  gas  or  ker- 
osene engines,  mounted  on  special  trucks  for 
the  purpose,  or  by  small  tractors,  steam 
engines,  or  unmounted  engines  which  have 
sufficient  power  to  carry  the  load. 

Where  horsepower  is  used,  the  sweep  is 
attached  to  the  outer  end  of  a heavy  beam 
extended  from  the  baler  proper.  Under- 
neath the  sweep  is  a sprocket  segment  with 
an  extended  arm  called  the  power  arm.  The 
plunger  rod  is  attached  near  the  outer  end  of 
this  arm.  A heavy  crosshead  is  attached 
to  the  inside  end  of  the  sweep,  with  a roller 
at  the  other  end  and  on  the  under  side.  As 
the  sweep  comes  around,  this  roller  engages 
the  power  arm,  causing  the  plunger  inside 
the  hopper  to  move  forward.  The  pressure 
increases  until  the  roller  reaches  the  other 
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end  of  the  arm;  which  causes  the  plunger  rod 
to  be  released  and  spring  back  for  the  next 
stroke. 

Where  motor  power  is  used,  a power  jack 
takes  the  place  of  the  sweep.  The  end  of  the 
plunger  rack  is  made  to  mesh  with  the  driving 
gear  of  the  jack  and  is  held  securely  in  place 
by  heavy  rollers.  It  is  driven  forward  to  the 
end  of  its  stroke,  then  automatically  released 
and  allowed  to  return  for  the  next  stroke* 


Fig.  164.  The  driving  equipment  of  a power  hay  baler. 
The  rest  of  the  machine  is  the  same  as  in  Fig.  162 


Silage  Cutters 


The  use  of  silage  is  becoming  more  widespread  each  year.  As  corn  is  the 
main  crop  used  for  silage  purposes,  the  cutter  must  be  designed  with  special  ref- 
erence to  this  crop. 

In  design,  the  silage  cutter  is  a long,  narrow  conveyor  attached  to  a circular 
fan  case.  In  some  machines  the  cutting  knives  are  on  the  fly-wheel  inside  of  the 
fan  case;  in  others,  the  knives  are  bolted  on  a cylinder  and  are  outside  of  the  fan 
case.  Machines  of  the  first  type  are  made  with  the  fan  case  set  at  right  angles 
to  the  conveyor.  In  the  others,  it  usually  sets  parallel  to  the  conveyor,  the  cut 
silage  being  fed  directly  into  the  fan  from  the  cutting  knives. 

A long,  adjustable  pipe  extends  from  the  upper  side  of  the  fan  case  into  the 
silo.  The  machine  is  mounted  on  trucks,  front  and  rear,  so  that  it  can  be  trans- 
ported like  a wagon.  Strong,  heavy  materials  must  be  used  if  this  machine  is  to 
stand  up  under  its  work. 


The  conveyor.  The  conveyor  is  of  the 
endless-chain  type,  equipped  with  either  steel 
or  wooden  slats.  It  is  sufficiently  long  to 
accommodate  a bundle  of  stalks  lying  flat, 
and  it  has  guard  rails  on  both  sides.  At  the 
inner  end  of  the  conveyor  a force-feed  device 
is  provided.  This  is  usually  of  the  fluted- 
roller  style.  The  rollers  are  both  above  the 
conveyor  and  flush  with  its  end.  They  are 
held  under  spring  pressure,  and  revolve  in  the 
direction  of  the  knives.  As  the  cornstalks 
come  between  them,  they  are  flattened  out 
and  held  rigidly  as  they  are  being  cut.  The 
knives  work  against  a heavy  steel  angle  bar. 


known  as  the  cutter  bar,  which  is  located  just 
inside  the  feed  rollers. 

Cutter  knives.  As  mentioned  above,  two 
different  styles  of  knives  are  used  in  en- 
silage-cutter construction.  Where  the  knives 
are  Doited  to  the  flywheel  a simpler  machine 
is  produced. 

In  this  type  of  cut- 
ter, a heavy,  solid  fly- 
wheel is  placed  inside 
the  fan  case.  It  re- 
volves on  the  main 
driveshaft  and 
just  clears  the 


Fig.  165.  Ensilage  cutter  complete,  showing  feeding  platform  at  left,  cutting  knife  compartment  in  centre,  fan  boat 
and  drive  pulley  at  right,  and  base  of  blower  6 tack  in  upper  right  band  corner 
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cutter  bar.  The  shaft  extends  to  the  out- 
side of  the  fan  case,  where  the  drive  pulley 
is  attached,  and  through  the  fan  case  to  a 
small  gear  house,  where  power  is  transmitted 
to  the  conveyor  and  means  provided  to 
change  the  conveyor  speed. 

The  flywheel  has  openings  cut  through, 
to  conform  to  the  opening  from  the  conveyor. 
Above  each  opening  a heavy  knife  is  securely 
bolted.  Below  each  opening  there  is  a fan 
blade  extending  from  the  driveshaft  to  the 
outer  edge  of  the  flywheel  and  practically  as 
wide  as  the  fan  case,  allowing  for  clearance. 

Where  the  knives  are  bolted  to  a revolving 
cylinder,  they  are  generally  somewhat  curved 
and  set  spiral.  This  is  an  advantage  over 
straight-set  knives,  as  they  slice  instead  of 
making  a square  cut.  The  knives  on  the  cylin- 
der work  against  a cutter  bar,  as  described. 
The  cut  pieces  of  silage  fall  into  a trough  and 
are  then  delivered  into  the  blower  fan. 

The  bundles  should  be  fed  in  butt  end  first, 
and,  as  the  stalks  are  forced  past  the  cutter 
bar,  the  ends  are  clipped  off  Dy  the  swiftly 
revolving  knives.  The  small  pieces  are  thrown 
and  blown  upward  through  the  pipe  to  the  silo. 

Care  and  adjustments.  Many  accidents  oc- 
cur in  operating  silage  cutters.  Some  of  these  are 
unavoidable,  and  others  should  never  happen. 

Do  not  lean  against  the  conveyor.  The 
clothing  may  catch  and  pull  a person  to  the 
machine  in  that  way.  It  is  dangerous  to 
attempt  to  remove  an  obstruction  in  or  near 
the  self-feed  rollers  while  the  machine  is  in 
operation.  Throw  it  out  of  gear  first. 


It  is  also  a wise  precaution  to  tighten  up 
the  knife  and  fan-blade  bolts  at  least  once  a 
day.  If  a knife  blade  gets  loose,  it  is  very 
apt  to  strike  the  cutter  bar.  In  this  case, 
something  is  bound  to  break.  Flying  pieces 
have  often  caused  injury  to  the  workmen  as 
well  as  great  damage  to  the  machine. 

The  knives  should  also  be  kept  sharp. 
Usually,  two  sets  are  furnished  with  each 
machine,  so  that  one  set  can  be  sharpened 
while  the  other  is  in  use.  Dull  knives  do 
poor  work  and  require  more  power.  Some 
machines  furnish  a grinding  attachment, 
run  from  the  gear  chamber,  so  that  a set  of 
knives  may  be  ground  while  the  machine  is 
in  operation. 

Every  silage  cutter  should  be  equipped 
with  a clutch  and  a handy  shifting  lever. 
This  lever  should  throw  the  machine  in  and 
out  of  gear,  forward  and  reverse. 

Shock  com  silage.  Com  that  has  had  to  be 
shocked  and  left  to  cure  in  the  field  may  be 
cut  with  the  silage  cutter  at  any  time  during 
the  winter.  This  is  an  especially  good  way  to 
handle  shock  com  for  winter  feeding.  The 
grain  and  roughage  are  thoroughly  mixed, 
and  the  stock  eat  a greater  portion  of  the 
stalks  than  would  be  the  case  if  fed  whole.  In 
addition  to  this,  the  short  pieces  of  stalk  and 
pith  that  are  not  eaten  make  fair  bedding,  and 
are  much  easier  to  work  up  into  manure  than 
whole  stalks.  Unless  it  can  be  siloed  (p.  465) 
do  not  pile  up  too  much  of  this  material  early 
in  the  fall,  as  it  is  apt  to  ferment  in  warm 
weather. 


Com  Huskers  and  Shredders 


The  value  of  shredded  corn  stover  is  a moot  subject.  Some  farmers  rank  it 
equal  to  timothy  hay,  others  not  so  high.  Feeding  experiments  have  not  shown 
that  shredding  adds  enough  to  the  value  of  whole  com 


stover  to  pay  for  itself,  whereas  the  ensiling  of  stover  if 
rightly  done  as  mentioned  above,  is  profitable. 

It  must  be  admitted,  however,  that  shredding  is  gradu- 
ally growing  in  favor,  so  that  some  fac- 
^ tor  other  than  cost  must  enter  in  the 

proposition.  It  seems  to  the  writer 
that  that  factor  is  the  production  of 
easily-handled  roughage. 
vt>*  It  is  a hard  job  to  dig  shock  fod- 
der  out  of  the  snow  and  hack  the  bun- 
dies  loose  from  the  frozen  ground,  and 
BHHg  few  farmers  will  undertake  it  on  a large  scale. 

Yet  it  is  thoroughly  recognized  that  fully  30 
Per  cen^  food  value  of  the  com  crop 

in  the  stalks  and  leaves  is  lost  if  these  are  left 
to  rot  in  the  field.  Shredding  puts  this  food 
in  an  available  shape,  so  that,  although  the 
cost  may  be  increased  over  that  of  shock  fod- 
der, it  is  money  well  spent. 


Fig.  166.  Com  shredder  with  hood  Jilted  to 
show  course  of  fodder  through  knives  (Office  of 
Experiment  Stations,  Bulletin  173.) 
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Design.  The  husker  and  shredder  is 
built  along  the  lines  of  an  ordinary  thresher, 
but  with  special  equipment  for  the  work  to 
be  done.  Many  points  of  its  construction 
are  the  same  in  principle  as  those  of  the 
separator,  while  many  others  correspond  to 
those  of  the  corn  picker.  Both  of  these 
machines  are  described  in  Chapter  9. 

Self-feeder.  The  original  shredder  was 
made  to  be  fed  by  hand;  but  so  many  acci- 
dents occurred  that  a self-feeder  was  designed, 
and  this  should  be  used  on  all  machines. 
This  feeder  is  simply  an  endless-belt  conveyor, 
long  enough  for  the  bundles  of  fodder  to  be 
thrown  on  to  it.  At  the  inner  end  of  the 
feeder  is  a separate  revolving  shaft  equipped 
with  spikes  or  knives.  This  is  known  as  the 
feeder  head,  and  assists  in  passing  the  stalks 
on  to  the  snapping  rolls.  A sloping  hood  is 
placed  above  the  feeder  head,  so  that  the 
ends  of  the  stalks  cannot  fly  upward  and  get 
crosswise  of  the  feeder. 

Snapping  rolls.  When  the  stalks  leave 
the  feeder  head,  they  pass  between  2 large 
snapping  rolls,  set  crosswise  of  the  machine. 
These  rolls  are  very  similar  to  those  used  in 
the  corn  picker,  and  answer  the  same  purpose, 
namely,  that  of  removing  the  ears  from  the 
stalks.  In  the  shredder,  the  stalks  pass 
completely  through  the  rolls,  while  in  the 
picker  they  do  not.  Snapping  rolls  of  the 
better  type  are  corrugated,  so  as  to  pinch  off 
the  ears  with  the  least  possible  shelling.  The 
rolls  are  held  together  under  spring  pressure. 
The  stalks  can  pass  through,  but  the  pres- 
sure is  so  great  that  the  ears  are  immediately 
broken  from  the  shanks  as  they  attempt  to 
pass. 

Husking  rolls.  The  unhusked  ears,  after 
being  snapped,  fall  directly  down  to  the  husk- 
ing rolls.  These  rolls  are  in  pairs,  and  in 
construction  and  operation  are  very  similar 
to  those  used  on  a corn  picker.  The  same 
variations  in  styles  are  found  here  as  in  the 


picker,  and  there  seems  to  be  practically  no 
difference  in  their  efficiency,  The  number 
of  husking  rolls  found  in  a shredder  increases 
with  the  size  and  capacity  of  the  machine. 

Agitators  that  work  back  and  forth  are 
placed  over  the  husking  rolls  to  keep  the  ears 
moving  parallel  with  the  rolls.  This  is  essen- 
tial to  clean  husking.  As  the  ears  move  down 
the  length  of  the  husking  rolls,  the  husks  are 
stripped  from  the  ears  by  the  picker  projec- 
tions and  passed  downward  to  a shaker  rack. 
The  husked  ears  go  on  over  the  ends  of  the 
rolls  into  a conveyor,  which  carries  them  to 
the  wagon  box  or  crib. 

Shredder  head.  When  the  stalks  pass 
through  the  snapping  rolls,  only  the  ears  are 
removed.  The  stalls  are  then  immediately 
engaged  by  a shredder  head  or  a set  of  re- 
volving knives.  The  shredder  head  is  a 
heavy  iron  cylinder  equipped  with  close-set 
knives  or  plates  which  tear  the  stalks  and 
leaves  into  small  pieces.  Many  kinds  of 
knife  equipment  are  in  common  use.  Some 
are  saw-toothed  and  set  in  the  shredder  head 
on  a spiral.  Others  are  set  square,  but  have 
a short  right-angle  bend.  Any  type  of  knife 
that  is  strong  enough  to  stand  up  under  this 


Fig.  168.  Detailed  view  of  husking'rolls  in  a husker 
and  shredder 


Digitized  by  v^.ooQle 


MACHINES  USED  IN  PREPARING  CROPS  FOR  USE 


119 


heavy  work  and  that  does  not  powder  the 
leaves  too  badly,  is  a good  shredder. 

The  shaker  rack.  The  shaker  rack  is  placed 
iust  underneath  the  husking  rolls  and  extends 
from  the  forward  end  of  these  rolls  back  to  the 
entrance  to  the  blower.  The  rack  is  perfor- 
ated or  slotted,  so  that  any  shelled  com  or 
foreign  material  may  be  shaken  through  to  the 
sieve  below.  The  rack  bars  are  saw-toothed, 
with  their  projections  toward  the  blower. 

The  shredder  head  is  directly  above  the 
shaker  rack,  so  that  the  shredaed  stover  is 
delivered  directly  down  to  the  shaker.  The 
huskB  from  the  ears  are  dropped  on  the  forward 
end  of  the  shaker  by  the  husking  rolls  and 
shifted  back  to  the  blower  with  the  shredded 


material  by  the  back-and-forth  movement 
of  the  rack. 

Saving  the  shelled  com.  The  shoe  is 
equipped  with  a sieve  and  screen  the  action  of 
which  takes  out  the  dirt,  snow,  weed  seeds, 
and  other  foreign  material.  The  shelled 
com  is  passed  on  to  a conveyor,  which  de- 
livers it  to  the  sack.  Usually,  an  air  blast  is 
taken  from  the  blower  fan  to  expel  small 
pieces  of  stalks  or  leaves  that  may  have  re- 
mained with  the  shelled  com. 

If  shredded  stover  is  to  be  kept  any  length 
of  time,  the  removal  of  the  shelled  com  is 
important,  as  this  will  ferment  during  warm 
weather  if  left  in  the  shredded  material  in 
any  quantity. 


Feed  Crushers  and  Grinders 

There  are  3 important  objects  to  be  attained  in  grinding  feed,  namely: 
to  increase  its  palatability,  to  increase  its  digestibility,  and  to  make  available 
food  material  which  in  its  natural  state  animals  will  not  masticate.  Much  has 
been  said  and  written  about  the  value  of  ground  feed  as  compared  with  feed  in  its 
natural  state.  Some  experiments  show  that  grinding  pays  well,  others  do  not. 
This  question  of  relative  values,  however,  depends  largely  upon  the  first  cost  of 
the  feeds  under  consideration.  It  is  a safe  assumption  that,  with  the  increasing 
cost  of  both  grain  and  rough  feed  every  process  will  be  used  extensively  that  will 
make  available  food  materials  that  are  now  largely  wasted. 


The  sweep-power  mill.  Probably  the  most 
common  type  of  feed  grinder  found  on 
the  average  farm  is  the  one  operated  by  a 
horse-drawn  sweep.  On  account  of  the  space 
required  for  the  sweep,  this  grinder  is  usually 
set  out  in  the  barnyard.  The  mill  is  mounted 
on  a base  which  catches  the  ground  feed  as 
it  comes  from  the  burrs.  The  mill  legs,  or 
supporting  frame,  are  bolted  to  the  base, 
which,  in  turn,  must  be  anchored  to  the  ground 
by  stay  rods  and  stakes.  At  the  top  of  this 
supporting  frame  there  is  a large  ring  gear. 

The  upper  part  of  the  mill  consists  of  a 
hopper,  to  which  another  ring  gear  is  at- 
tached on  the  lower  side.  The  upper  gear 
is  placed  directly  over  the  lower  one,  separated 
from  it  by  small  rollers  that  mesh  in  each. 
The  sweep  is  attached  to  the  upper  gear  and 
hopper,  and  when  the  mill  is  m operation 
these  parts  revolve  on  the  lower  gear,  thus 
producing  the  power. 

Heavy  arms  extend  upward  inside  the  hop- 
per. They  are  attached  at  their  outer  ends 
to  the  main  frame  and  to  an  iron  collar  in 
the  centre  of  the  hopper  which  they  support. 
An  iron  spindle  runs  through  this  collar, 
supporting  on  the  under  side  a set  of  revolving 
arms  and  a cone  studded  with  heavy  pro- 
jections. When  ear  com  is  being  ground, 
the  revolving  arms  crush  the  ears  against  the 
stationary  ones,  and  the  cone  reduces  the 
crushed  portions  to  still  smaller  portions. 
The  bottom  of  this  cone  has  a corrugated 
section  which  acts  as  a grinding  plate  or  dutt. 


It  works  against  a similar  face  on  the  inner 
side  of  the  supporting  frame,  which  is,  of 
course,  stationary.  Since  the  grinding  burr 
is  cone-shaped,  the  opening  between  the  2 
faces  is  wider  at  the  top  than  at  the  bottom, 
so  that  increasing  pressure  is  put  on  the 
material  as  it  is  forced  through.  Two  sets 
of  burrs  are  generally  furnished:  one  with 
coarse  corrugations  for  com,  and  the  other 
with  finer  corrugations  for  small  grain. 


Fig.  169.  Typical  power-driven  feed-grinder.  Hand 
lever  at  rightfcdjusts  burro  and  determines  fineness  of 
feed  delivered. 
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The  capacity  of  such  a mill  will  range  from 
20  to  40  bushels  per  hour  for  ear  corn  and  10 
to  20  bushels  for  shelled  corn  or  small  grain,  t 
Single  and  duplex  grinding  plates.  The 
ordinary  belt-power  grinder  is  made  with 
circular  opposed  grinding  plates  or  rings, 
either  single  or  double,  instead  of  the  cones 
used  in  the  sweep-power  mills.  # J 

In  single-plate  mills  one  grinding  ring  is 
bolted  to  the  housing  which  forms  the  grinding 
chamber.  It  has  a specially  corrugated  face, 
which  is  turned  to  the  face  of  the  companion 
ring  bolted  to  the  driveshaft  but  adjustable 
there  so  as  to  give  desired  pressure. 

In  the  double  or  duplex  mills,  the  ring  on 
the  driveshaft  has  a grinding  face  on  each  side, 
and  there  are  two  stationary  rings,  one  on 
either  side  of  it.  It  can  readily  be  seen  that  if 
the  same  grinding  surface  is  to  be  secured  with 
the  single  rings  they  must  be  of  larger  dia- 
meter. But  with  plates  of  larger  diameter 
the  grinding  pressure  is  farther  from  the  drive- 
shaft;  consequently,  the  power  required  to 
operate  such  a mill  of  equal  capacity  is  neces- 
sarily larger. 

Feed-grinder  construc- 
tion. The  ordinary  feed 
grinder  consists  of  a hop- 
per mounted  on  a sturdy 
frame  with  legs’  long 


“Fig.  170.  A bagging  elevator,  that  can  be  attached  to 
iny  power-driven  mill,  saves  much  shoveling  and  pre- 
vents much  waste 


Fig.  171.  A combined  roughage  cutter  and  feed 
grinder,  by  means  of  which  a balanced  ration  "can  be 
prepared  in  one  operation. 


enough  to  give  good  clearance  for  the  ground 
feed  spout.  The  drive  shaft  passes;  through 
the  bottom  of  the  hopper  and  the  exposed 
section  is  generally  used  as  a crusher.  This 
may  be  m the  form  of  a spiral  knife  or 
of  extended  lugs  set  in  spiral  order,  or  it 
may  consist  of  a combination  of  knife  and  lugs. 

The  crusher  is  used  to  reduce  ear  com  and 
other  very  coarse  feed  and  also  to  act  as  an 
auger  to  force  the  reduced  material  into  the 
grinding  rings  or  burrs  which  may  be  set  at 
varying  distances  apart  so  as  to  deliver  feed 
of  the  required  degree  of  fineness. 

Regulating  fineness.  All  grinders,  whether 
of  the  single  or  duplex  type,  have  a pres- 
sure regulating  device  whereby  either  fine  or 
coarse  feed  may  be  produced  by  shifting  the 
revolving  burr  on  the  shaft.  All  mills  nave 
a screw  or  lever  device  whereby  this  shift 
is  made  almost  instantly  and  while  the  ma- 
chine is  in  motion. 

Most  manufacturers  make  more  than  one 
set  of  plates  for  each  mill.  These  are  de- 
signed for  either  fine  or  coarse  grinding,  and 
will  produce  different  grades  of  feed,  according 
to  the  pressure  put  on  them.  The  capacity 
of  a mill  is  greatly  increased  by  using  coarse 
rings. 

Bagging  elevator.  The  bagging  elevator 
is  simply  an  enclosed  narrow  box  with  a divid- 
ing board  in  the  centre.  An  endless-chain 
conveyor  runs  around  the  board,  gathering 
the  feed  that  is  delivered  to  the  bottom  en- 
trance of  the  elevator  from  the  feed  spout  of 
the  mill,  and  elevating  it  to  the  upper  end, 
where  the  bag  is  attached.  The  elevator  is 
supported  by  legs  that  can  be  adjusted  to 
suit  the  height  of  the  bags  being  used.  A 
longer  elevator  may  be  secured  to  deliver 
the  feed  directly  to  a wagon  box,  if  desired. 

Crushers.  It  is  often  desired  to  feed  com 
merely  crushed,  not  ground.  Machines  to 
meet  this  requirement  are  made  by  omit- 
ting the  grinding  plates  and,  usually,  the 
lower  crusher.  The  machine  then  consists 
of  a hopper  set  on  legs.  One  of  the  spiral 
crushing  knives  becomes  the  driveshaft  as 
well;  the  other  knife  is  geared  to  it;  and  the 
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operation  is  the  same  as  previously  described. 

Since  a grinder  is  generally  desired  on  a 
farm  where  any  of  this  work  is  done,  most 
machines  are  constructed  so  that  the  grinding 
rings  may  be  separated  far  enough  for  the 
crushed  material  to  pass  through  without 
further  reduction.  In  this  way  the  grinder 
may  be  used  as  a crusher  without  the  expense 
of  buying  another  machine. 

Grinding  mixed  feed.  Two  different 
kinds  of  feed  may  be  ground  and  mixed  to- 
gether at  the  same  time  by  attaching  an  extra 
hopper  for  the  small  grain  to  the  edge  of  the 
main  hopper.  This  secondary  hopper  is 
equipped  with  a slide  in  the  bottom,  by  which 
the  amount  of  grain  fed  in  may  be  regulated 
at  will.  The  upper  and  lower  crushers  thor- 
oughly mix  the  two  kinds  of  grain  by  the  time 
they  reach  the  grinding  rings. 


Fig.  172.  The  simplest  type  of  hand-operated  feed 
cutter 


Cutters  and  Grinders 

Roughage  cutters.  The  simplest  form  of  rough-feed  cutter  is  a knife  hinged 
at  one  end  to  a cutting  table  ana  working  against  an  iron  cutting  bar.  The  ma- 
terial is  held  in  position  by  hand,  and  is  cut  m short  lengths  by  bringing  the  knife 
down  with  the  other  hand.  This  is  a very  slow  process. 

An  excellent  cutting  box,  operated  either  by  hand  or  by  power,  may  be  se- 
cured consisting  simply  of  one  or  more  pairs  of  knives  set  on  a cylinder.  As  they 
revolve,  they  work  against  an  iron  cutting  bar  located  at  the  inner  end  of  a feed 
table  from  which  the  material  is  delivered  to  the  cutting  cylinder. 


Combined  cutters  and  grinders.  A com- 
bined cutter  and  grinder  can  be  secured  that 
will  cut  and  grind  corn  fodder,  alfalfa,  clover, 
pea  hay,  sheaf  oats,  or  other  rough  feeds,  to- 
gether with  ear  corn  or  with  ear  corn  and  an- 
other small  grain,  if  a secondary  hopper  is  used. 

This  machine  has  an  upward  extension  of 
the  grinding  chamber  in  which  the  cutter  is 
located.  A feed  trough  delivers  into  the  cut- 
ting cylinder  the  material  to  be  cut.  For  best 


FIG.  173.  A rotary  cutter,  even  though  hand-driven,  is  a 
great  improvement  over  the  type  shown  in  Fig.  172 


results,  the  feed  trough  should  be  equipped 
with  a force-feed  device  that  will  assist  in 
holding  the  roughage  for  the  cutter  knives. 

The  small  pieces  of  cut  material  are  deliv- 
ered to  the  lower  crusher,  together  with  the 
crushed  grain  from  the  upper  crusher.  All 
the  material  is  mixed  together  by  the  lower 
crusher  and  forced  into  the  grinding  ringB, 
where  it  is  reduced  to  the  desired  fineness. 

A combination  cutter  and  grinder  may  be 
used  either  as  cutter  or  as  grinder,  as  desired. 
In  producing  cut  feed  alone,  it  is  only  neces- 
sary to  open  the  grinding  plates,  so  that  they 
will  not  function.  The  feed  will  then  be 
delivered  in  the  condition  in  which  it  leaves 
the  cutting  knives.  In  case  it  is  desired  only 
to  grind  grain,  the  cutting  device  may  be 
disconnected,  and  will  remain  idle  during 
the  process. 

Such  a combination  machine  means  not 
only  a saving  in  the  first  cost,  but  also  a re- 
duction of  the  amount  of  labor  and  space 
required  for  its  operation  thereafter.  Another 
advantage  is  that,  with  such  a machine  at 
hand,  the  farmer  will  more  readily  utilize 
corn  stalks  and  other  roughage  instead  of 
wasting  them.  Fodder  so  prepared  will  be 
more  nutritious,  more  palatable  and  more 
generously  consumed  by  the  animals.  And 
they,  in  turn,  as  the  result  of  the  choice  of 
the  right  machine  will  make  increased  growth 
and  become  more  profitable  thereby. 
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Wood  Saws 

In  timbered  sections  of  the  country,  the  farm  woodlot  generally  furnishes  its 
share  of  the  farm  income.  Saw  logs,  cord  wood,  mine  props,  poles,  etc.,  are  all 
produced,  according  to  the  demand  in  the  community.  In  the  ordinary  woodlot 
where  the  big  timber  has  been  removed,  cordwood  is  usually  the  chief  source  of 
income. 

Most  of  such  wood  may  be  worked  up  to  advantage  with  the  least  labor  by 
using  a power  saw  run  by  a gasoline  engine. 


Design.  The  ordinary  power  saw  con- 
sists of  a heavy  driveshaft  mounted  in  a 
frame  of  convenient  height.  At  one  end, 
usually  the  left,  if  not  otherwise  specified,  is 
bolted  a circular  saw.  At  the  other  end  is  the 
drive  pulley  and  counterbalance  or  flywheel. 
Most  saw  blades  are  shielded  with  a hood  or 
iron  strip  as  a safety  device. 

Tilting  or  sliding  frame.  A section  of 
the  frame  is  designed  to  hold  within  itself  the 
length  of  wood  being  sawed.  In  some  cases 
this  section  is  hinged  from  below,  so  that  it 
can  simply  be  lifted  up  and  the  wood  pressed 
against  the  saw  for  cutting. 

In  other  saws,  the  table  slides  back  and 
forth  between  the  saw  blade  and  flywheel. 
Stop  blocks  are  provided  to  hold  the  piece  of 
wood  steady.  In  sawing,  the  piece  is  laid 
on  the  table  with  one  end  extending  beyond 
the  saw  the  desired  distance;  the  table  is 
pushed  forward,  and  the  saw  engages  the  wood 
in  the  process. 

The  pole  saw.  When  it  is  desired  to  saw 
timber  of  considerable  length,  a saw  should 
be  secured  which  has  the  flywheel  hung  under 
the  frame,  out  of  the  way  of  the  table.  This 
is  accomplished  by  using  a secondary  shaft 
for  the  flywheel,  below  the  main  driveshaft. 
Extra  pulleys  and  belting  or  gearing  are  re- 
quired to  deliver  the  power  to  the  flywheel. 
The  flywheel  is  stationed  on  the  opposite 
side  of  the  frame  from  the  saw,  to  give  the 
necessary  counterbalance. 

This  saw  may  be  used  for  cordwood  as  well 


Fig.  174.  Tilting  frame  wood  saw,  for  cutting  short 
lengths 


Fig.  175.  _ Pole  saw.  The  underslung  fly  wheel  makes 
^possible  the  cutting  of  poles  of  any  desired  length 


as  for  sawing  poles  or  other  longer  sections 
of  wood.  For  the  ordinary  farm  it  is  the 
best  owing  to  its  greater  adaptability. 

Portable  saw  rig.  For  commercial  use, 
a portable  saw  rig  is  a good  investment.  This 
rig  has  both  engine  and  saw  mounted  on  a 
heavy  frame,  the  engine  forward  and  the 
saw  at  the  rear,  with  table  dropped  to  a 
convenient  height.  In  principle  and  opera- 
tion, the  saw  is  the  same  as  an  ordinary 
unmounted  saw.  The  outfit  is  easier  to  trans- 
port and  set  for  sawing,  thus  saving  time. 


Fig.  176.  Sliding  frame  saw  with  especially  well- 
protected  blade 


Digitized  by  v^.ooQle 


II 


! 


CHAPTER  11 

Garden  Implements 
and 

Hand  Tools 


By  F.  F.  Rockwell,  practical  farmer,  gardener,  author  and  contributor  to  agricultural  and 
horticultural  press.  Though  bom  in  the  city  he  spent  many  summers  in  the  country  even  before  he 
took  up  practical  farming  and  greenhouse  management  in  Connecticut  in  1900.  From  1906  to 
1909  he  attended  Wesleyan  University  and  was  in  the  publishing  business.  In  1909  he  returned  to 
farming,  practising  also  as  consulting  agriculturist.  In  1917  in  this  latter  capacity  he  was  in  charge 
Farms  and  its  orchards.  Later  he  became  Manager  of  the  Nurserymen's  National  Service 
Bureau.— Editor. 


THE  importance  of  tools  and  machinery  in  the  production  of  all  kinds  of  garden 
and  field  crops  is  continually  increasing.  As  the  price  of  labor  and  the  diffi- 
culty of  obtaining  skilled  labor  increase,  the  importance  of  an  adequate  equipment 
of  those  things  which  make  labor  more  effective  increases  in  proportion. 

While  the  gardener  and  the  fanner  must  depend  more  and  more  on  the  use  of 
machinery,  nevertheless  there  are  two  general  conditions  under  which  machinery 
will  not  and  cannot  pay,  namely  (1)  insufficient  use  for  it  and  (2)  lack  of  attention 
to  its  proper  care.  These  are  so  widely  encountered  and  so  serious  that  a word  of 
warning  m regard  to  them  is  in  place.  The  mere  fact  that  a machine  will  save 
labor  is  no  guarantee  that  it  will  pay.  There  must  be  sufficient  use  for  it  to  justify 
making  the  investment.  A mechanical  weeder  for  10  rows  of  onions  in  the  gar- 
den, or  a potato  digger  for  half  an  acre  of  potatoes  would  be  an  absurdity.  Good 
judgment  at  this  point  is  a most  important  factor  in  successful  farming. 

Still  more  important,  however,  is  the  proper  care  of  machinery,  once  it  is 
bought.  It  has  been  estimated  by  government  experts  that  the  farmer  gets 
fewer  hours  of  actual  use  out  of  many  complicated  machines  than  the  manufac- 
turer spends  on  them  in  their  construction.  Field-crop  and  garden  machines  of 
most  lands  are  adjustable  or  convertible  for  various  operations,  and  are  designed 
for  very  close  and  accurate  work.  Unless  given  excellent  care,  however,  they  will 
do  poor  work,  will  be  much  harder  to  use,  and  will  soon  become  worthless. 
Every  tool  should  be  kept  under  cover  when  not  in  use,  should  be  wiped  and 
dried  off  immediately  after  use,  and  should  always  be  kept  well  oiled. 


Tools  for  Working  the  Ground 

Besides  the  standard  plows  of  various  types,  there  are  a number  designed  par- 
ticularly for  garden  work,  either  in  addition  to  the  others,  or  for  turning  the 
ground  in  very  small  areas  where  an  ordinary  plow  is  not  available. 

The  1-horse  swivel  plow  (Fig.  177)  is  particularly  useful  for  putting  in  succes- 
sion plantings  in  small  areas  where  a small  block  of  some  vegetable  has  been 
cleared  off.  It  is  good  also  for  opening  furrows  or  trenches,  preparing  ridges,  etc. 
Another  type  of  light  1-horse  plow  is  furnished  with  a set  of  different  moldboards 
for  deep  or  shallow  work,  plowing  growing  vegetables,  hilling  up,  and  so  forth. 
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A very  convenient  tool  for  small  places  or  for  garden  work  on  the  farm,  to  save 
the  use  of  a plow  and  team,  is  the  plowshare  attachment  for  a regular  1-horse  cul- 
tivator. This  makes  a substantial,  small,  reversible  steel  plow 


which  will  cut  a furrow  4 inches  deep  and  8 to  10  mches  wide. 

The  small  garden  outfit  motor-driven 
_ and  guided  by  a man  walking  behind, 

may  also  be  utilized  for  light  plowing. 
- -L  For  the  small  place,  devoted  to  poultry 

' YVir  and  “specialties,”  where  a horse  is  not 

IsaA.  ^ kept,  this  implement  will  do  such  plow- 

ing  and  cultivating  as  may  be  necessary, 
_ ^ ■;  . , , . „ throughout  the  season,  after  the  regular 

Flft  m-  ^"fe™baSiSv^pIow- esp€£,aUy  deep  spring  plowing  has  been  done. 


Tools  for  Fining  the  Soil  and  Preparing  the  Seedbed 

While  the  standard  disc,  spring-tooth,  and  spike-tooth  harrows  are  used  in 
the  preparation  of  the  soil  m the  garden  and  in  intensive  field  operations  or  on 
truck  crops,  there  are  a number  of  special  harrows  made  to  meet  certain  conditions 
which  are  very  widely  used  in  making  specially  prepared  seedbeds  for  potatoes, 
onions,  tobacco,  and  the  like. 


Harrows.  One  of  the  most  popular  and  gen- 
erally  useful  of  these  harrows  is  the  acme  (Fig. 
121),  a pulverizing  harrow  and  clod  crusher. 
This  is  particularly  valuable  for  use  just 
before  planting,  as  it  turns  up  a fresh  surface, 
the  blades  being  so  constructed  that  they  form 
practically  a miniature  gang  plow  which 
thoroughly  chums  and  turns  up  the  upper  3 
or  4 inches  of  the  soil.  It  also  does  much 
more  leveling  than  the  ordinary  harrow. 
Further,  it  can  be  set  to  be  used  as  a smooth- 
ing drag.  It  is  one  of  the  most  useful  imple- 
ments which  the  market  gardener  or  truck 
farmer  can  possess.  Care  should  be  taken 
to  renew  the  teeth  often  enough,  so  that  it 
will  continue  to  do  as  good  work  as  when  new. 

The  Morgan  spading  harrow,  which  is 
popular  in  some  sections,  is  constructed  some- 
what upon  the  principle  of  the  cutaway  disc 
harrow;  but  the  indentations  are  so  deep  that 
they  leave  a series  of  sharp  teeth  which  cut 
deeply  into  the  soil,  chopping  it  up  very  fine, 
and  also  loosening  it  up.  It  is  good  on  hard, 
compact  soil  such  as  may  be  deficient  in 
humus,  and  where  not  much  trash  has  been 
plowed  under. 

The  Meeker  smoothing,  or  small  disc,  har- 
row and  leveler  (Fig.  178)  is  used  in  the  prep- 
aration of  seedbeds  that  are  required  to 
be  extremely  fine,  such  as  those  for  planting 
the  seed  of'  onion,  lettuce,  celery,  carrots,  and 
other  fine  crops.  It  practically  takes  the 
place  of  hand  raking  for  finishing  off  the 
seedbed,  one  man  with  a horse  and  a harrow 
being  able  to  do  as  much  as  10  to  20  men 
could  do  by  hand.  The  small  revolving 
discs  push  under  all  small  stones,  trash,  ana 
other  similar  material — most  of  which  a rake 
would  pull  out— and  the  adjustable  leveling 


board  smooths  and  levels  the  soil,  leaving  it 
almost  like  a table  top.  If  possible,  the  last 
harrowing  given  with  this  harrow  should  be 
at  right  angles  to  the  direction  in  which  the 
rows  will  run,  so  that  the  lines  made  by  the 
drill  marker  will  be  more  distinct.  This 
harrow  is  useful  also  wherever  the  creation  of 
a fine  dust  mulch  to  retain  moisture  is  wanted, 
and  for  covering  in  broadcast  seed,  grain  for 
winter  covered  crops,  and  so  forth.  The 
chain,  or  link,  drag  harrow  is  also  used  for 
smoothing  seedbeds  and  covering  grains;  but 
it  does  not  do  such  thorough  work  as  the 
Meeker;  also  it  uncovers  or  collects  trash  and 
small  pieces  of  manure  which  the  Meeker  har- 
row would  push  down  out  of  the  way. 


Fig  178.  The  Meeker  smoothing  harrow  leaves 
the  soil  in  the  best  possible  .shape  for  the  sowing  of 
vegetable  seeds. 
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Intensive  feeding  of  all  garden  and  truck  crops  is  one  of  the  great  factors  in 
their  successful  cultivation.  Sometimes,  all  the  plant  food  to  be  used  can  be 
put  into  the  ground  before  planting;  but,  in  many  cases,  it  proves  more  profitable 
to  supply  some  of  the  plant  food  in  the  form  of  quick-acting  fertilizer  as  top- or 
side-dressing  in  the  drill  or  row  with  the  seeds  or  plants,  or  as  a top-  or  side-dress- 
ing during  growth.  The  old  method  of  doing  this  by  hand  was  disagreeable 
and  slow.  A number  of  practical  machines  designed  for  this 
purpose  are  now  on  the  market  at  reasonable  prices.  In  the  . 

ordinary  market  garden  or  on  the  truck  farm,  a machine  of  --V, 

this  kind  can  be  used  frequently  throughout  the  year,  and,  in 
addition  to  its  use  on  vegetable  crops,  it  may  be  employed  to  1 

advantage  on  small  acreages  of  potatoes  or  com  or  root  crops  fig.  179.  wheeibar- 
for  truck  for  which  alone  its  purchase  might  not  pay.  With  SSLSKt.**  fertai*er 
a machine  of  this  type  it  is  possible  to  sow  dry  commercial 
fertilizers,  of  any  kind  and  in  any  desired  quantity,  in  open  furrows  prepared 
for  planting  or  along  the  sides  of  rows,  several  rows  at  a time.  The  fertilizer 
is  carried  out  of  the  hoppers  steadily  and  evenly  on  endless  canvas  belts,  and 
the  spouts,  which  are  adjustable,  may  be  set  to  distribute  it  in  narrow  or  in  broad 
rows  or  broadcast.  One  of  the  larger  machines  will  side-dress  6 rows  any  dis- 
tance apart  up  to  2 feet,  4 rows  up  to  32  inches,  3 rows  up  to  4 feet;  or  2 rows  up 
to  8 feet,  ana  will  broadcast  over  a strip  8i  feet  wide,  the  capacity  being  400 
pounds  of  fertilizer  at  a time. 


For  smaller  operations,  where  only  a limited 
acreage  of  truck  crops  is  grown  in  connection 
with  the  general  farming,  a man-power  dis- 
tributor (Fig.  179)  is  a practical  and  rapid- 
working  machine  which  will,  with  care,  save 
a great  deal  of  time  and  disagreeable  work. 
It  will,  moreover,  give  better  and  more  uni- 
form results  than  hand  distributing.  It  is 
particularly  useful  in  growing  strawberries  and 
truck  crops  like  cabbage  and  tomatoes.  It 


can,  of  course,  be  employed  in  many  places 
where  a horse  machine  cannot  be  used.  It 
will  apply  from  3 to  40  pounds  of  fertilizer  to 
100  yards  of  row,  distributing  between,  or  on 
both  sides  of,  1 to  4 rows  at  each  passage;  and 
it  is  not  hard  for  the  operator  to  use. 

Some  of  j the  leading  makes  of  wheel  hoes 
also  have  fertilizer-distributing  attachments 
which  may  be  used  with  the  seed  drill  or  sep- 
arately for  top-dressing  or  side-dressing. 


Marking  and  Spotting  Machines 


Marking  or  “striking  out”  rows  or  check  rows  for  planting  seeds  or  setting 
out  plants  is  one  of  those  small  jobs  which  cut  down  the  total  of  a day’s  work: 

nevertheless,  marking  out  must  be  done  carefully  and 
accurately,  or  it  wm  interfere  with  the  cultivation, 
whether  by  horse  or  by  wheel  hoes,  throughout  the  sea- 
son. Even  with  crops  which  are  not  usually  planted  in 
check  rows,  such  as  lettuce,  early  cab- 
bage, and  so  forth,  because  of  the  extra 
time  required  to  crossmark  the  rows 
when  planting,  some  time  may  be  saved 
in  hoeing  ana  wheel  hoeing,  if  all  the 
plants  are  accurately  spaced. 

The  most  complete  and  up-to-date 
tool  of  this  kind  (Fig.  181  c)  admits  of 
the  following  combinations:  5 rows  8 to 
fig.  180.  a wheel  hoe  with  complete  set  of  attach-  12  inches  apart;  4 rows  14  to  16  inches 

menu,  including  seed  drill  (shown  ready  for  use),  an  9n„_i.  Q 19  to  24  inches  anart* 

extra  wheel,  and  various  types  of  cultivator  teeth.  apart,  O rOWS  Lu  LU  £r±  LULm;b  dpcU  L, 
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and  2 rows  25  to  48  inches  apart.  Not  only  are  any  of  these  combinations  of 
rows  marked  off  with  accuracy  at  one  passage,  and  a line  marked  for  the  return 
trip,  but  by  the  use  of  removable  plugs  on  the  circumference  of  the  broad  wheels, 
each  row  may  be  "spotted”  for  plants  to  be  set  3,  6, 12, 15,  24,  or  48  inches 
apart.  For  small  gardens,  a simpler  machine  is  made,  which  will  mark  and  spot 
2 rows  at  a time;  or  one  wheel  may  be  used  as  an  extra  attachment  to  an  ordi- 
nary wheel  hoe.  (Fig.  181  a and  6). 


Fig.  181.  A row  marker  adjustable  for  laying  out 
from  one  to  five  rows,  and  for  “spotting"  at  any  desired 
distance  in  each. 


There  are  adjustable  markers  which  mark 
out  the  rows  only;  with  these,  however,  as 
with  the  common  homemade  drag  markers, 


it  is  much  more  difficult  to  make  a straight 
row,  as  they  are  pulled  behind  the  operator. 
Where  there  is  not  enough  marking  to  justify 
the  purchase  of  a regular  marking  tool — a 
device  which  does  not  cost  very  much  and 
which  with  care  will  last  for  a generation — 
it  will,  however,  pay  to  take  the  time,  say, 
on  some  stormy  day,  to  make  a set  of  markers 
covering  all  the  row  widths  which  are  likely 
to  be  needed.  If  these  markers  are  made  with 
a detachable  handle,  which  will  serve  for  all 
the  “heads,”  they  can  be  stored  away  in  a 
small  space  and  will  be  much  less  likely  to  get 
broken  than  when  constructed  in  the  ordinary 
way. 

Various  types  of  markers  are  used  for  field 
crops;  but  the  best  of  these  have  discs  instead 
of  runners,  and  can  be  used  as  coverers  and 
furrowers  as  well  as  markers.  The  ordinary 
“wing”  marker  is  too  widely  known  and  em- 
ployed to  need  description  here. 


Planters  and  Transplanters 


Accuracy  in  the  sowing  of  seed  is  of  the  greatest  importance.  The  yield  with 
any  crop  depends  directly  upon  the  fullness  and  evenness  of  the  stand  obtained. 
It  costs  just  as  much  to  prepare  the  ground  for,  fertilize,  cultivate,  spray,  and 
supervise  the  growing  of,  a poor  stand  as  a full  one.  Careful  work  on  planting 
may  mean  all  the  difference  between  profit  and  loss  on  the  entire  season’s  work. 
It  pays  to  have  the  best  of  planting  machinery.  But  planting  machines  are,  as  a 
rule,  more  complicated  ana  more  finely  adjusted  than  those  for  other  purposes, 
and  they  should  be  given  particular  care.  Never  allow  unused  fertilizer  or  seed 
to  remain  in  the  machine,  and  keep  all  planters  not  only  under  cover,  but  in  a dry 
place  and  off  the  ground. 


Seed  drills.  There  are,  in  general,  3 types 
of  seed  drills,  each  of  which  has  its  advocates. 
The  first  of  these,  and  the  kind  most  com- 
monly in  use,  has  a gravity  feed  with  a brush 
or  a metal  agitator  working  just  above  the 
seed  opening  in  the  hopper,  to  prevent  packing 
or  bridging  of  the  seed.  In  the  second,  or 
force-feed  type,  the  seed  is  carried  out  of  the 
feed  hopper  by  a revolving  drum,  in  which 
there  are  small  cavities  into  which  a certain 
amount  of  the  seed  falls,  being  then  dropped 
into  the  delivery  tube  as  the  drum  revolves. 
Planters  of  this  class  do  very  accurate  work; 
but,  as  they  require  separate  cylinders  or 
sizes  of  drums  for  different  sizes  of  seed,  and 
take  longer  to  change,  they  are  better  adapted 
to  large  gardens  or  to  work  where  a consider- 
able amount  of  each  kind  of  seed  is  to  be  put 


in  than  where  changes  will  have  to  be  made 
frequently.  The  third  type  operates  on  the 
“snap”  principle,  a spnng-and-cam  or  trip 
mechanism  being  used  in  addition  to  the  grav- 
ity feed.  The  modem  drills  are  readily  ad- 
justable for  the  different  sizes  of  seed,  widths 
of  rows,  and  so  forth,  and  will  sow  in  hills  as 
well  as  in  continuous  drills.  Except  where 
there  is  a great  deal  of  planting  to  be  done,  it 
pays  to  get  a seed  drill  in  combination  with  a 
wheel  hoe.  Market  gardeners  and  others 
who  have  use  for  a seed  drill  frequently 
throughout  the  season  prefer  a separate  drill. 

For  large-scale  operations,  the  multiple 
seed  drills,  which  will  sow  several  rows  at  a 
time,  are  coming  into  more  general  use.  Their 
advantage  lies  in  the  fact  that  not  only  is 
much  time  saved  in  the  work,  but  each  unit 
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of  rows  is  spaced  with  absolute  accuracy,  even  type  cost  very  little, 
if  the  rows  themselves  are  not  perfectly  are  simple  in  opera- 
straight,  Machines  for  cultivating  2 or  more  tion,  and,  with  ordi- 

rows  at  a time  can,  therefore,  be  used  with  nary  care,  will  last 

much  better  results  than  where  the  rows  are  indefinitely.  Even 
planted  individually.  where  one  has  but  a 

For  very  small  gardens,  and  for  use  in  small  patch  to  plant, 
greenhouses  and  frames,  there  are  a number  the  cost  of  one  of 
of  small  seed  sowers  (Fig.  182)  designed  with  a these  handy  imple- 
handle  for  use  like  a slide  hoe,  or  with  a short  ments  will  be  saved 
handle  for  use  on  raised  benches.  Some  of  quickly.  They  are 
these  open  the  furrow  and  cover  the  seed,  also  particularly  use- 
others  merely  drop  the  seed;  but  they  all  ful  in  going  over  the 

save  a good  deal  of  time  compared  with  hand  fields  as  soon  as  the  pjG  183  Hand  com 

sowing,  and  SOW  plants  are  up,  to  fill  planter  (a)  and  plant  setter 
more  accurately  than  m skips,  which  latter  or  transplanter  &) 

an  inexperienced  will  occur,  even  in 

operator  can  sow  by  careful  planting.  For  this  purpose,  they  are 
hand.  invaluable  supplements  to  the  larger  machines, 

For  very  small  and  offer  a means  of  stopping  serious  crop 
plantings,  of  either  leaks  which  are  often  overlooked. 

Eotatoes  or  corn,  Plant-setting  machines.  One  of  the  slowest 
and  planting  ma-  and  most  tedious  jobs  connected  with  garden- 

chines  (Fig.  183)  can  ing  and  trucking  has  always  been  the  trans- 

be  used;  and  they  planting  or  setting  out  of  plants  from  the  seed- 
will  do  the  work  bed  or  coldframe.  For  a long  time  this  work 
much  more  accu-  was  done  entirely  by  hand.  At  length,  the 
rately  and  very  much  plant-setting  machine  (Fig.  183)  came  to  the 
more  quickly  and  rescue  of  the  large  planter.  More  recently 
easily  than  it  can  be  a practical  “back  and  time  saver,”  in  the  form 
Fig.  182.  The  smallest  done  in  the  old-fash-  of  a small  hand  plant-setter,  has  been  invented, 

Sfwheel  StoptSllland7xSTOw  ioned  way  with  a hoe.  to  serve  the  smaller  planter  and  for  jobs 

opener.  * ' Machines  of  this  where  the  big  machine  would  not  pay. 


Weeders  and  Weeding  Machines 

One  of  the  most  important  additions  made  within  recent  years  to  the  general' 
line  of  farm  tools  is  that  of  the  spring-tooth  weeders,  which  are  widely  used  for 
com,  potatoes,  and  many  other  rowed  crops.  Like  most  other  agricultural  tools, 
to  do  their  best  work,  they  must  be  used  at  the  proper  time.  Intelligently  handled, 
they  are  capable  of  saving,  or  rather  of  preventing,  a tremendous  amount  of  hand 
work.  The  old  style  of  field  weeder  with  3 rows  of  spring-steel,  pointed  teeth  was 
fixed  to  a light,  rigid  frame.  The  newer  forms  are  adjustable  in  width  and  have 
removable  teeth,  so  that,  where  desired,  a tooth  or  two  immediately  over  the  row 
may  be  removed.  A riding  form,  with  adjustable  spring  tension  on  the  teeth  and 
with  an  extra  feeding  attachment  for  grass  or  grain 
has  proved  very  popular  in  some  sections.  In  opera- 
tion, these  weeders  pass  over  the  growing  crops — com, 
potatoes,  and  so  forth — which  are  strong 
enough  to  withstand  the  light  harrowing 
or  raking  given  by  the  flexible  teeth, 
while  all  small  weeds,  up  to  an  inch  or 
two  in  height,  are  pulled  from  the  ground 
and  shaken  loose  from  the  soil  by  the 
vibration  of  the  weeding  fingers.  Besides 
removing  the  weeds  that  are  close  to 
the  plants  better  than  can  be  done  with 

anv  form  of  cultivator,  they  loosen  up  Fig.  184.  One  of  the  recent  eirrlen  weeders  in  which 
and  aerate  the  soil,  and  create  a fine  revolve at  right  direction  mwiueh 
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dust  mulch  which  is  of  great  service  in  retaining  moisture.  They  are  especially 
good  for  getting  over  the  surface  of  large  areas  in  a short  time  after  a rain, 
during  the  early  stages  of  growth,  preventing  the  crusting  and  baking  of  the  soil. 

Weeding  machines,  that  is,  machines  for  the  actual  removal  of  the  weeds  in  a 
manner  similar  to  hand  weeding,  as  distinct  from  the  tools,  are  a very  recent  de- 
velopment. While  they  are  still  being  improved  and  have  not  yet  come  into  gen- 
eral use,  nevertheless  they  are  being  used  extensively  by  a number  of  large  grow- 
ers and  have  apparently  come  to  stay.  They  are  peculiarly  suited  to  work  in 
light  loam  and  in  muck  soils  comparatively  free  from  stones.  They  have  proved 
of  value  for  thinning  rowed  crops,  such  as  carrots,  as  well  as  for  weeding. 

There  are  2 general  types  of  these  weeding  machines,  one  of  which  operates 
with  wire  fingers  or  weeders,  and  the  other  with  a weedmg  blade  or  comb.  In 
either  case,  the  fingers  or  combs  are  passed  through  the  row  with  a rotary  motion 
by  the  mechanism  of  the  machine.  With  the  first  type,  the  weeds  are  scratched 
or  raked  out;  with  the  latter,  they  are  caught,  held  in  the  comb,  and  pulled  out. 
The  comb  machines  will  work,  of  course,  only  when  there  is  enough  difference 
between  the  form  or  size  of  the  vegetables  to  be  weeded  and  the  weeds  to  be  re- 
moved to  allow  the  former  to  slip  through  the  combs  while  the  latter  are  held  and 
pulled  out. 

Cultivators  and  Special  Tools  for  Cultivating 


The  riding  and  walking  cultivators  used  for  garden  and  truck  crops  are  for 
the  most  part  identical  with  those  which  are  in  use  for  ordinary  farm  crops.  For 
. garden  and  truck  crops,  however,  it  is  especially  important 
V f/  to  have  a machine  that  may  be  readily  adjusted  for  width 
* row  and  depth  of  cut,  and  that  will  do  fine  and  close 

work.  A cultivator  with  lever  adjust- 
ment  for  both  width  and  depth  should, 
therefore,  be  selected.  In  one  of  the 
latest  types  of  the  1-horse  cultivator,  or 
horse  hoe,  the  levers  are  out  of  the  way 
4Q/  and  are  easy  to  adjust  while  the  machine 
fig.  185.  For  gardens  more  than  so  by  ioo  feet  is  in  operation,  the  frame  is  light  but 
to^e.t a one-horse,  adjustable  cultivator  is  almost  a exceptionably  strong,  and  the  wide,  flat 

back  sweep  leaves  a smooth  surface  in- 
stead of  a deep  furrow  as  with  the  old-style,  wide-back  tooth.  An  important 
extra  attachment  for  machines  of  this  kind  is  the  vine  turner  or  leaf  guard,  which 
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can  readily  be  put  on  and  which  makes  even  closer  work  possible  without  injury 
to  the  foliage.  The  solid  front  wheel  has  this  advantage  over  the  old  spoke  style: 
it  does  not  sink  so  deeply  into  the  soil  when  the  latter  is  very  wet  or  very  dry, 
nor  does  it  get  stuck  by  small  stones  or  trash.  One  of  the  most  popular  tools 
with  the  market  gardener,  strawberry  grower,  and  so  forth  is  the  12-tooth,  or 
diamond-tooth,  cultivator.  One  of  these  machines,  with  the  pulverizer  attach- 
ment, which  can  be  had  to  fit  on  the  back  end  of  the  frame,  will  take  out  prac- 
tically all  small  weeds,  will  work  almost  as  close  to  the  plants  as  one  could  with 
a hoe,  and  will  leave  the  ground  as  finely  pulverized  and  smooth  as  if  an  iron 
rake  had  been  employed. 


Hand  cultivators.  Hand  cultivators,  or 
wheel  hoes,  are  so  universally  known  and  used 
that  little  need  be  said  here  concerning  them, 
except  that  with  a machine  of  this  kind,  used 
constantly  throughout  the  growing  season, 
and  for  many  different  kinds  of  work,  it  pays 
to  get  a tool  of  the  best  quality  that  can  be 
had,  even  though  it  may  cost  several  dollars 
more  than  an  inferior  one.  Of  course,  such 
tools  should  be  well  cared  for,  and  kept  so 
free  from  dirt  and  rust  that  all  changes  and 
adjustments  may  be  made  easily  and  quickly. 
Very  often  this  is  not  the  case.  While  the 
single-wheel  type  costs  less  than  the  double- 
wheel, it  usually  payB  best  to  get  the  latter, 
as  it  can  be  used  to  straddle  the  row,  doing 
much  closer  work,  especially  while  the  plants 
are  small,  than  the  single-wheel.  Also,  for 
work  in  crops  that  are  nearly  grown,  the 
double-wheel  may  be  converted  into  a single- 


wheel in  a few  minutes.  Among  the  most  im- 
portant of  the  many  extras  or  attachments 
for  standard  wheel  hoes  are  the  “onion”  or 
extra-high-guard  hoe  blades,  the  advantage  of 
which  is  that,  in  close  work,  they  prevent 
lumps  of  soil,  small  weeds,  and  so  forth  from 
falling  over  on  to  the  seedling  plants.  This 
allows  both  the  wheel  hoeing  and  the  hand 
weeding  to  follow  it  to  be  done  more  rapidly. 
Other  particularly  good  attachments  are  the 
wide  or  flare-bottomed  cultivator  teeth,  in- 
stead of  the  old  standard  narrow  cultivator 
teeth.  The  advantage  of  these  is  that,  while 
they  break  up  the  crust  and  pulverize  the  soil, 
they  cut  off  small  weeds  instead  of  allowing  the 
latter  to  pass  around  them  as  the  narrow  teeth 
often  do.  Plowing,  raking,  hilling,  ditching, 
and  furrowing  attachments  all  have  their 
special  uses  and,  under  many  circumstances, 
will  prove  profitable  investments. 


Machines  for  Special  Purposes 

In  connection  with  some  of  the  garden  and  truck  crops,  special  machines  have 
been  developed  for  use  in  harvesting,  preparing  for  market,  and  so  forth.  The 
most  generally  used,  perhaps,  of  these  is  the  potato  digger.  While  there  sire  a 
number  of  types  of  this  machine  on  the  msirket,  it  is  doubtful  if  any  are  resilly 
satisfactory  except  the  high-grade  standard  elevator  diggers  which  sire  now  uni- 
versally used  wherever  potatoes  are  grown  on  a commercial  scale.  The  recent 
addition  of  a small  gas  engine,  to  operate  the  mechanism  of  the  digger,  enables 
work  which  formerly  required  4 horses  to  be  done  easily  by  2.  Moreover,  it  is 
done  better,  because  the  elevator,  separating  apparatus,  and  so  forth  is  run  at  an 
even  rate  of  speed,  no  matter  how  fast  or  how  slow  the  machine  may  be  moving 
ahesid.  The  latest  development  is  the  picking  attachment,  which  saves  the  labor 
of  picking  up  from  the  row  after  the  digging. 

A new  machine,  which  many  large  vegetable  growers  have  found  to  be  one 
of  the  biggest  time  savers  ever  introduced,  is  the  “bundle-tying”  machine  for 
such  crops  as  green  onions,  carrots,  beets,  rhubarb,  asparagus,  and  so  forth.  This 
machine  may  be  operated  either  by  foot,  somewhat  like  a sewing  machine,  or  by 
power.  Its  tension  may  be  varied  to  give  moderate  or  tight  tying;  and  it  is  ad- 
justable for  tying  bunches  and  so  forth. 

Hand  Tools 


The  small,  or  hand,  tools  which  are  used  with  garden  and  truck  crops  are  so 
numerous  and  so  well  known  that  they  do  not  require  any  extended  mention  here. 
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Nevertheless,  there  are  a few  general  considerations  in  connection  with  them 
which  are  too  often  overlooked.  Such  common  tools  as  spades,  digging  forks, 

rakes,  trowels,  and  hoes,  while  standard 
in  general  design  or  shape,  vary  widely 
in  the  quality  of  the  material  and  in  the 
kind  of  workmanship  that  goes  into 
them.  With  these  simple  things,  as  with 
larger  implements,  it  always  pays  to  get 
the  best,  and  then  to  take  the  best  care 
of  them. 

The  difference  between  the  work  that 
can  be  done  with  a suitable,  sharp  hoe 
or  weeder,  and  a poor-shaped  or  dull  one, 
is  considerable,  even  on  a few  rows  of 
work;  and,  in  the  aggregate  for  the  sea- 
son, this  may  easily  amount  to  the  entire 
cost  of  a new  implement.  One  marked 
feature,  always  to  be  sought  in  tools  of 
this  kind,  is  the  solid  one-piece  shank,  in- 
stead of  the  old-fashioned  ferrule,  which 
may  wear  or  work  loose.  The  selection 
of  these  tools  always  depends  largely  on 
personal  preferences,  as  well  as  on  local 
conditions.  But  there  is  often  danger  of 
preference  becoming  prejudice.  The 
progressive  grower  should  always  be 
ready  to  give  up  something  good  for  something  better,  in  the  little  things  as 
well  as  in  the  large. 


Fig.  187.  The  machine  buncher  and  tier  is  an  inval- 
uable labor  and  time  saver  for  the  market  gardener  who 
considers  appearance  worth  while. 


The  spade  and  spading  fork.  The  spade 
and  the  spading  fork,  used  for  turning  over 
small  plots  of  ground,  finishing  up  corners, 
and  around  irrigation  posts,  in  the  cold-frames, 
greenhouse  beds,  etc.,  are,  perhaps,  the 
simplest  tools  made.  But  even  here  quality 
counts.  A poor  spade  or  fork,  soon  bent  out 
of  shape  and  becoming  loose  in  the  handle, 
is  a constant  source  of  annoyance  and  of  in- 
efficient work.  Buy  the  best,  because  it 
pays  the  best,  and  see  that  the  handle  is 
strapped  with  metal  up  the  front  and  back, 
protecting  it  against  breakage  at  the  weakest 

{)oint.  The  tool  should,  if  possible,  be  se- 
ected  personally,  so  that  one  with  a suitable 
“hang,?  for  the  user  may  be  obtained. 

Rakes.  The  iron  rake  is  one  of  the  most 
constantly  used  tools  in  any  kind  of  garden 
work.  The  size,  number  of  teeth,  etc.,  re- 
quired will  depend  on  the  kind  of  work  to  be 
done.  In  preparing  seedbeds,  raking  out 
weeds,  and  the  like,  a large-sized  rake  might 
often  be  used  with  a considerable  saving  in 
work  where  a smaller  one  is  employed  simply 
because  it  “will  do.”  The  “bow”  rake,  at- 
tached to  the  handle  from  the  ends  of  the  head 
instead  of  at  the  middle,  is  not  so  likely  to 
break  or  bend  at  the  middle  as  the  ordinary 
kind;  it  is  also  better  for  leveling  soil,  in  whicn 
the  back  of  the  head  is  used.  A straight, 


strong,  well-balanced  handle  is  also  an  im- 
portant item  in  securing  good  work  with  a 
rake. 

Hoes.  Most  farmers  are  stingy  with  hoes. 
It  is  not  at  all  unusual  to  find  naif  a dozen 
old,  round-cornered,  loose-shanked,  broken- 
edged  hoes— some  of  them  out  in  the  fence 
corners — on  a place  where  the  gang  plow  and 
the  riding  cultivator  and  the  cream  separator 
are  in  prime  condition  and  the  mowing  ma- 
chine and  manure  spreader  are  under  cover. 
The  old-style,  deep,  heavy  hoes  were  made 
before  the  days  of  modem  cultivating  ma- 
chines. For  most  work  with  hoes  nowadays, 
in  garden  and  truck  crops,  the 
wider,  lighter  hoes  will  be  found 
easier  to  use  and  more  efficient. 
The  very  small,  narrow-biaded, 
or  “onion,”  hoe, 
is  little  known  in 
many  sections 


Fig.  188.  One  of  the  modern  improvements  over  the 
old  time  hoe 
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where  it  could  be  used  to  great  advantage,  their  cost  in  time  saved,  when  conditions 
Of  course,  these  lighter  hoes  are  not  adapted  make  their  use  necessary, 
to  “chopping”  a thick  sod  of  half-grown  weeds;  There  are  a number  of  new  tools,  such  as 
but,  for  stirring  the  soil  around  and  dose  to  adjustable  weeding  rakes,  long-handled  weed- 
plants,  when  the  weeds  are  small,  much  easier  ers,  etc.,  on  the  market,  many  of  which  are 
and  quicker  work  can  be  done  than  with  a excellent  for  general  work  or  for  spedal  pur- 
large,  heavy  hoe.  An  important  thing  to  poses.  Before  investing  in  any  of  these, 
remember  is,  to  buy  hoes  with  solid  shanks — however,  be  sure  that  they  are  substantially 
ferrule  and  head  in  one  piece.  built  to  stand  actual  service.  Many  a dollar 

For  use  in  closely-planted  crops,  after  they  idea  gets  on  to  the  market  first  in  a thirty-five- 
are  well  grown,  the  scuffle,  or  slide,  hoe  often  cent  dress. 

has  to  be  used  to  get  through  when  the  wheel  # All  edged  tools  should  be  kept  sharp.  There 
hoe  can  no  longer  be  used.  A new  type  of  is  just  as  much  waste  of  energy  in  using  a dull 
slide  hoe,  which  is  proving  very  popular,  has 
round  iron  runners  in  front  of  the  blade, 
which  is  thereby  held  at  a uniform  angle,  and 
does  not  glance  to  the  side  and  thus  injure 
the  crop.  Also,  the  weight  of  the  tool  is  sup- 
ported, so  that  it  is  less  tiresome  to  use.  A 
number  of  different  blades,  adapted  to  dif- 
ferent kinds  of  work,  give  it  a wide  range  of 
usefulness. 

The  smaller  hand  tools — trowels,  trans- 
planters, weeders,  etc.— are,  on  the  basis  of 
the  work  they  save  in  proportion  to  their  cost, 
among  the  most  important  on  the  place. 

For  this  reason  it  will  pay  to  see  that  they,  also, 
are  of  the  best  quality  when  bought,  and  that 
they  are  taken  care  of  afterwards.  These  lap  bag  and  a bottle  of  kerosene  (kept  tightly 
small  tools  are  so  easily  misplaced  that  a corked  to  prevent  evaporation),  to  be  used  on 
special  spot  should  be  assigned  to  them,  and  the  tools  after  they  have  been  in  use,  will  prove 
their  return  to  that  spot  immediately  after  one  of  the  most  profitable  small  investments 
use  insisted  upon.  A new  type  of  trowel  is  that  can  be  made  about  the  place, 
found  in  the  long,  heavy-blaaed  one  with  the  Above  all,  the  grower  who  realizes  how 
handle  at  right  angles  to  the  blade.  This  is  much  of  his  success  must  depend  on  the  ma- 
especially  useful  in  the  transplanting  of  to-  chines  and  tools  he  has  to  work  with  will  pro- 
matoes,  cabbage,  etc.  vide  room  to  house  them  from  the  weather. 

When  even  a few  of  such  rowed  crops  as  He  will  have  a place  for  each,  and  will  see  that 
onions,  carrots,  beets,  etc.,  are  grown,  enough  each  tool  after  the  season  of  its  use,  is  put  back 
small  hand  weeders  to  equip  as  many  hands  in  its  place,  and  that  any  broken  or  worn-out 
as  are  likely  to  be  working  in  them  at  one  time  parts  are  replaced  before  the  season  of  its  use. 
should  be  provided.  There  are  probably  Though  such  advice  may  seem  old-fashioned 
no  other  tools  which  will  more  quickly  repay  and  trite,  it  is  as  true  to-day  as  when  first  given. 
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Fig.  190.  Types  of  milk  cans  for  various  tastes  and  purposes.  See  text  (pp.  139  and  140)  for  descriptions 


CHAPTER.  12 

Dairy  Machinery  for  the  Farmer 

By  W.  A.  Stocking,  Chief  of  Dairy  Department  and  Professor  of  Dairy  Bacteriology , New 
York  State  Colleae  of  Agriculture  since  1908.  He  grew  up  on  a large  Connecticut  dairy  farm  and 
graduated  from  the  agricultural  colleges  of  that  state  and  of  New  York . From  1 899  to  1 901  he  was 
Farm  Superintendent  and  Instructor  in  Agriculture  at  the  former  institution;  from  1901  to  1906 , 
Professor  of  Dairy  Bacteriology  there  and  Dairy  Bacteriologist  of  the  Connecticut  ( Storrs ) 
Experiment  Station;  and  from  1906  to  1908  Assistant  Professor  at  Cornell . He  is  author  of  a 
“Manual  of  MiUc  Products”  and  a number  of  bulletins. — Editor. 

CHAPTERS  40, 41, 42, 43,  and  44  of  Volume  I include  some  discussion  of  dairy- 
machinery  as  related  to  the  different  lines  of  dairy  work.  This  chapter  treats 
many  of  the  same  tools  and  machines  but  more  from  their  mechanical  point  of 
view.  In  this  case  it  is  the  machine  itself  rather  than  the  work  it  does  and  the 
reason  for  its  use  that  is  considered  first.  There  are,  of  course,  many  makes  and 
styles  of  these  articles.  Only  the  farmer  himself  can  say  which  is  best  for  his  pur- 
poses; but  this  discussion  will  help  him  to  decide  carefully,  wisely,  and  well. 


BABCOCK  TESTERS  AND  EQUIP- 
MENT.  The  butter-fat  testers  now  on  the 
market  vary  from  a little  2-bottle  machine 
up  to  those  handling  40  bottles  and  include 
types  operated  by  hand,  steam,  and  electric 
power.  The  smallest  hand  machine  (Vol.  I, 
Fig.  505)  is  useful  when  only  a few  samples 
are  to  be  tested.  It  is  light,  well  made  and 
can  be  easily  attached  to  any  table  or  bench. 

For  testing  more  sam- 
ples the  8-bottle  type  is 
) very  satisfactory,  turns 
r easily  and  runs  smoothly 
and  quietly,  but  for  a 
larger  | amount  of  testing 
a power  machine  is  bet- 
ter than  a hand  one.  An 
c attached  hot-water  tank 
for  filling  the  bottles  is  a 
great  convenience. 

Accurate  glass-ware  is 
one  of  the  most  import- 
ant features  of  a testing 
m.  outfit.  The  best  is  that 
made  in  accordance  with 


specifications  formulated  and  adopted  by  the 
Federal  Bureau  of  Standards  at  Washington 
and  the  American  Dairy  Science  Association 
and  known  as  “Standard”  Babcock  test  bottles 
and  pipettes.  The  milk  bottle  is  graduated 
to  one  tenth  per  cent,  and  the  cream  bottles 
to  five  tenths  per  cent.  The  straight  sided 
cylinder  with  a lip  is  the  most  commonly 
used  add  measure  (Vol.  I.  Fig.  500  e),  but  some 
persons  prefer  other  forms  such  as  the  dipper 
or,  the  device  that  measures 
the  right  amount  of  acid  auto- 
matically. I 

Milk  and  cream  samples  for 
testing  must  be  kept  in  bottles 
or  jars  with  tight  seals — either 
snap  tops,  screw  tops  or  glass 
stopples — so  that  no  moisture 
can  evaporate. 

Milk  samplers.  The  Mc- 
Kay sampler  (Fig.  191a)  con- 
sists of  2 nickel-plated,  brass 
tubes  one  of  which  fits  inside 
the  other,  and  both  of  which 
have  milled  slots  that  coincide 


Fig.  191.  Milk  sa 
piers.  (See  text) 


Fig  192. 

Combined  acid 
bottle  and  pip- 
ette. 
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when  the  handles  stand  together.  The 
slot  so  formed  is  closed  by  turningthe  handles 
at  right  angles  to  each  other.  The  Scoville 
sampler  (Fig.  1916)^has  a check  valve  whicius 

bottom  o/the  can  or  vat.  *The  milk^Sef8 [Fig. 
191c)  is  simply  a hollow  tube  in  which  the  col- 
umn of  milk  is  held  by  pressing  the  thumb  over 
the  top.  Each  of  these  types  of  sampler  is 
designed  to  take  a column  of  milk  the  entire 
depth  of  the  can  or  vat. 

Cream  to  be  tested  by  the  Babcock  method 


a b 

Fig.  193.  Single-bottle  hand  filler  (a)  and  hand  capper 
(b).  The  proper  cape  are  stocked  in  the  cylinder 

must  be  weighed  on  a sensitive  balance. 
One  of  the  simplest,  least  expensive,  but 
wholly  satisfactory  forms  on  the  market  is 
shown  in  Fig.  21z.  It  is  fitted  with  agate 
bearings  and  is  sensitive  to  one  thirtieth  of  a 
gram.  The  empty  cream  bottle  is  balanced  by  a 
sliding  poise  with  a balance  nut;  after  the 
cream  is  added  it  is  balanced  by  means  of  the 
hanging  poise  placed  on  the  notched  beam, 
the  balance  being  clearly  indicated  by  the 
pointer  beam  and  indicator  plate. 

BOTTLE  FILLERS  AND  CAPPERS. 
During  recent  years  great  improvements 
have  been  made  in  milk  bottling  and  capping 


Fig.  194.  Simple  farm  butter  worker.  (See  text) 


machines  so  that  the 
dairyman  may  now 
select,  from  an  al- 
most endless  variety, 
the  outfit  best  suited 
to  his  special  needs. 

For  dairymen  who 
fill  not  more  than 
100  or  200  bottles 
per  day  the  single-bottle  hand  machine  (Fig. 
193a)  will  prove  very  satisfactory,  easy  to 
use  and  efficient.  It  isj  automatic,  filling 
every  bottle  to  the  same  point  without 
overflowing.  As  the  filler  is  placed  on  the 
bottle,  the  valve  opens  allowing  the  milk 
to  flow  and  as  it  is  removed  the  valve 
closes  completely  so  that  there  is  no  loss  by 

aping.  When  considerable  quantities  of 
are  to  be  bottled,  a machine  which  will 
fill  several  bottles  at  once  (Vol.  I,  Fig.  637) 
will  be  better  than  the  hand  filler. 

The  hand  capper  (Fig.  1936)  provides  a very 
satisfactory  method  for  capping  a limited 
number  of  bottles.  When  the  capper  is 
placed  on  the  bottle,  a thrust  of  the  handle 
forces  the  cap  firmly  into  position;  as  the 
handle  returns  to  its  position  the  next  cap 
(from  the  stack  in  the  cylinder)  comes  auto- 
matically into  place.  A capper  of  this  sort 
can  be  worked  rapidly  and  is  more  sanitary 
than  handling  the  caps  by  hand. 

BUTTER  WORKERS.  For  use  in  con- 
nection with  any  small  chum.  There  are 
several  types  of  butter  worker.  That  shown 
in  Vol.  I,  Fig.  644  is  an  old  standby  in  which 
the  butter  is  placed  in  the  tray,  sprinkled 


Fig.  195.  Butter  lost  in 
separating  when  machine  is 
level  (A)  and  out  of  balance  (B) 


A B C 


Fig.  196.  Butter  lost  in  separating  one  cow's  milk  for 
a year  when  the  inflow  of  milk  to  machine  is  correctly 
K and  B and  incorrectly  C adjusted. 

with  salt,  and  worked  by  turning  the  crank 
which  moves  the  wooden  roller  over  the  butter. 
This  process  is  repeated  until  the  desired 
amount  of  working  has  been  secured. 

Another  of  the  oldest  styles  is  shown  in 
Vol.  I,  Fig.  646.  The  butter  is  placed  in  this 
worker  and  subjected  to  the  desired  pressure 
by  means  of  the  lever  which  is  pivoted  loosely 
at  the  lower  end. 

In  a third  type  (Fig.  194)  the  butter  is  rolled 
out  into  a thin  sheet  by  means  of  the  large 
wooden  roller,  sprinkled  with  salt  then  folded 
over  with  a hand  ladle  and  rolled  again. 
The  proper  amount  of  pressure  can  be  ob- 
tained by  bearing  down  on  the  lever,  the  lower 
end  of  which  slides  in  grooves  at  the  sides  of 
the  worker  table. 
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Fig.  197.  View  into  the  top  of  a separator  bowl  of  the 
link  blade  type 


CENTRIFUGAL  CREAM  SEPARATORS. 
The  old-time  methods  of  raising  cream  in 
"a  shallow  pans  or  by  set- 

£3  ting  cans  in  cold  water 

UH  have  given  way  very 

SSL  largely  to  the  use  of  the 

jSSfl  vll  centrifugal  separator. 
mSit  The  chief  advantages  of 

WWBa&wi  the  latter,  which  are  re- 

sponsible  for  the  change, 
1 » ‘!W|  are:  (1)  more  complete  re- 
fll  covery  of  the  butter  fat; 

HI,  »|W:  (2)  the  richness  of  the 

HpjrHI  cream  may  be  controlled 

Biril  to  suit  the  use  that  is  to 
be  made  of  it;  (3)  the 
■I  cream  is  obtained  fresh 

HI  and  is  therefore  of  much 

■I  better  quality  than  when 

HI  obtained  by  the  slower 

i H methods;  (4)  the  fresh 

! H skim-milk  is  at  once  ready 

I U *or  feeding  calves  and 
H pigs;  and  (5)  the  time 

H and  labor  saved. 

! H The  modern  cream  sep- 

H arator  was  invented 

H about  1879  on  the  prin- 

H ciple  that  the  fat  rglob- 

■ ules  in  milk  are  lighter 

■ than  the  skim-milk,  and 

H that  therefore,  as  the 

■ milk  is  revolved  rapidly 

■ in  the  separator  bowl, 

H the  skim-milk  tends  to 

U flow  toward  the  outside, 

H and  the  fat  toward  the 

H centre,  of  the  column 

H each  running  out  through 

LgpWM  holes  provided  for  it. 

Iijr  ^ The  many  different 
Y\  WJj/  makes  and  styles  of  sep- 

VfrMdfa  arators  developed  and 

placed  on  the  market  of 
late  years,  are  all  based 
Fic.  198.  Hollow  on  the  same  prindplea  as 
bowl  used  in  one  type  the  earher  ones,  but  differ 
of  separator,  a skim-  widely  in  their  mechani- 

5S:  cal  details.  The  devices 

dividing  mil.  that  separate  the  cream 


and  skim-milk  as  they 
pass  through  the  bowl 
may  in  general  be  di- 
vided into  3 distinct 
groups:  (1)  The  disc 
type;  (2)  the  link- 
blade  type;  (3)  the 
hollow-bowl  type. 

A representative  of 
the  disc  type  is  shown 
in  Fig.  200.  In  this 
particular  separator 
the  milk  enters 
through  the  centre 
and  flows  between  the 
leaves  or  discs  of  the 
distributing  device 
where  the  separation 
takes  place,  the  cream 
moving  inward  and 
upward  at  the  centre 
while  the  skim-milk 
moves  outward  and 
upward  at  the  outside 
of  the  discs  next  the 
inner  surface  of  the  Fig.  199.  Section  through 
bowl.  BJoth  cream  Fnk-blade  bowl  as  shown  in 
and  skim-milk  pass  lg‘  * 
out  through  holes  at  the  top  to  the  delivery 
spouts. 

. In  link  blade  machines  (Fig.  197)  the'separa- 
tion  takes  place  as  the  milk  travels  between 
the  curved  blades  of  the  separating  device, 
the  cream  passing  up  and  out  at  the  centre 
and  the  skim-milk  up  along  outer  ends  of  the 
blades  next  the  inner  wall  of  the  bowl. 

In  the  tabulator  hollow  bowl  type  (Fig.  198) 
the  milk  enters  at  the  bottom.  The  bowl 
revolves  at  a high  rate  of  speed  and  as  the 
milk  moves  upward  the  skim-milk  moves  out 


FlG.  200.  Section  and  interior  view  of  a separator  bowl 
of  the  disc  type 


Digitized  by  v^.ooQle 


DAIRY  MACHINERY  FOR  THE  FARMER 


135 


toward  the  wall  while  the  cream  forms  a 
column  in  the  centre.  The  chief  features  of 
this  type  are  the  long,  slender  bowl  and  the 
absence  of  an  inner  separating  device. 

CHEESEMAKING  EQUIPMENT.  For 
the  dairyman  who  wishes  to  make  small 
amounts  of  the  soft  cheeses  such  as  cottage, 


Fig.  201.  Pasteurizing  outfit  that  any  farmer  can 
make.  A stirring  device  to  be  used  in  the  can  to  insure 
even  heating. 


Neufchatel,  or  cream,  the  following  equip- 
ment will  be  found  convenient  and  desirable. 

Experience  has  shown  that  cheeses  of  better 
quality  can  be  made  if  the  whole  or  skim-milk 
is  pasteurized.  A simple,  convenient  outfit 
for  pasteurizing  small  quantities  consists  of  a 
barrel  sawed  off  at  the  proper  height  with  a 
steam  pipe  extending  into  it  so  that  the  water 
can  be  brought  to  the  proper  temperature 
(Fig.  201).  Milk  can  be  pasteurized  in  this 
barrel,  in  either  the  shot-gun  or  the  40- 
quart  can;  care  must  be  taken  to  see  that 
the  milk  is  stirred  so  as  to  be  uniformly 
heated.  After  the  heating  process  has  been 
completed,  the  same  outfit  can  be  used  for 
cooling  the  milk  by  replacing  the  hot  water 
with  cold. 

A convenient  draining  and  curd  table 
(Fig.  223)  has  racks  in  the  bottom  that  allow 
the  whey  to  run  off  through  the  outlets  at 
one  end.  Pressure  can  be  obtained  as  shown 
by  wrapping  the  curd  in  the  draining  cloths, 
laying  a board  over  the  surface  and  setting 
upon  it  cans  full  of  water.  The  sides  of  this 
table  are  removable  for  convenience  in  opera- 
tion. 

Convenient  molds  for  making  soft  cheeses 
are  shown  in  Fig.  202. 

CHURNS.  On  many  farms  it  is  occasion- 


Fig.  202.  Two  types  of  soft  cheese  mold 


ally  desired  to  make  a small 
amount  of  cream  into  butter. 

For  this  purpose  the  little  glass 
churn  (Fig.  203)  is  very  satis- 
factory. It  consists  simply  of 
a heavy  glass  jar  with  a smooth 
steel  screw-top  and  a well- 
made  dasher  operated  by  gears 
and  crank  handle  much  as  in 
an  egg-beater.  Such  chums  rio 

are  made  to  hold  from  2 to  6 Glass  chum’  for 
pints.  kitchen  use. 

Three  of  the  older  types  of 
hand  churn  are  shown  in  Vol.  I,  Fig.  643. 
This  swing  chum  is  extremely  simple  with 
no  floats  or  paddles  inside,  the  rounded  ends 
and  slanting  top  producing  the  desired  agi- 
tating of  the  cream.  The  fact  that  the  open- 
ing is  always  on  top  is  a favorite  with  many 
persons. 

The  barrel  churn,  usually  made  of  hard 
wood,  well  bound  with  metal  hoops,  is  one 
of  the  old  standbys.  The  lid  contains  a 
sight  glass  so  that  the  progress  of  the  churning 
may  be  observed  without  removing  the  cover. 
The  smaller  sizes  of  this  type  of  churn  work 
easily  by  hand  and  give  good  results,  but  for 
the  larger  sizes  it  is  well  to  have  some  kind 
of  power. 

The  rectangular  or  box  type  is  also  well 
known  on  farms.  It  works  easily,  bringing  a 
complete  separation  without  injury  to  the 


Fig.  204.  Two  sanitary  modem  chums.  Stoneware 
type  at  left,  steel  barrel  type  with  geared  handle  at 
right. 

grain  of  the  butter.  The  opening  is  large 
making  the  churn  easy  to  clean  and  there  is 
no  mechanism  inside. 

One  of  the  newer  types  of  churn  is  made  of 
fine  glazed  stoneware  (Fig.  204)  which  will 
not  absorb  liquids,  with  a cover  of  clear  glass 
through  which  the  process  of  churning  may 
be  observed  and  which  rests  upon  a rubber 
ring  giving  a tight  joint.  Its  chief  advantage 
is  the  ease  with  which  it  can  be  thoroughly 
sterilized  and  kept  in  perfectly  sanitary  con- 
dition. 

Another  attempt  to  develop  a strictly 
sanitary  chum  has  produced  the  steel  barrel 
heavily  tinned  inside.  The  cover  is  oork 
lined  making  a perfectly  tight  joint.  7 
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Fig.  206.  Combined  milk 
cooler  and  aerator,  a sec- 
tion of  spiral  coil  containing 
cold  water. 


In  the  power-driven  combined 
churn  and  butter  worker  the  proces- 
ses of  washing,  working,  and  salting 
are  done  in  the  one  container.  The 
churn  is  provided  with  2 rolls  be- 
tween which  the  butter  is  worked, 
and  special  gears  which  are  thrown 
IlKT  into  place  after  the 

churning  is  com- 
^ pleted  and  the  work- 

//  ^ - ing  process  is  corn- 
er menced.  While 

exhibiting  the  good 
features  of  the  mod- 
ern creamery  chum 
and  butter  worker, 
it  is  reasonable  in 
price  and  is  giving 
good  satisfaction  on 
many  farms. 
COOLING  TANKS 
AND  COOLERS. 
In  the  handling  of 
milk  and  cream  no 
one  thing  is  of  greater 
importance  than  proper  cooling,  for  which 
every  dairyman  should  provide  suitable  equip- 
ment. The  cooling  may  be  done  by  setting 
the  cans  in  cold  or  ice  water  or  by  running 
the  milk  over  one  of  the  many  forms  of  coolers 
now  on  the  market. 

For  a small  amount  of  milk  or  cream,  good 
results  may  be  obtained  by  using  a pickle 
or  alcohol  barrel,  either  full  height  or  sawed 
off  at  the  proper  point  to  prevent  the  water 
getting  into  the  cans,  and  either  cold  running 
water  or  broken  ice.  It  is  always  well  to 
use  a thermometer  for  testing  the  actual 
temperature  of  the  milk. 

For  larger  amounts  of  milk,  a homemade 
tank  of  either  wood  or  concrete  may  be  used. 
Such  a tank  as  shown  in  Fig.  207  will  give 
good  service.  It  may  be  made  of  2-inch 
No.  1 clear  cypress, 
all  joints  tongued 
and  grooved  or  with 
slip  tongue  joint  and 
the  corners  carefully 
rabbeted  (Fig.  206). 
If  desired  it  may  be 
painted  with  a good 
oil  paint  down  to  the 
water  line,  but  it  is 
better  not  to  paint 
below  that  point. 
Several  styles  of 
wooden  tank  may  be 
obtained  from  dairy 
supply  houses. 

In  many  respects 
a tank  made  of  con- 
crete is  the  most  sat- 
isfactory. If  it  is 
sunk  into  the  floor 
so  that  only  about  a 
foot  extends  above 


Fig.  206.  Joint  construc- 
tion in  wooden  cooling  tank. 
a and  b tongue  and  groove;  c 
rabbeted  comer. 


Fig.  207.  Wooden  cooling  tank  such  as  can  be  bought 
ready  made  or  built  at  home.  Inset  shows  popular 
conical  metal  cooler  (see  text  below). 


it,  much  labor  in  lifting  the  cans  in  and 
out  will  be  saved.  The  top  of  the  con- 
crete should  be  faced  with  band  or  angle 
iron  to  protect  it  against  wear  in  lifting  the 
cans  out  and  in,  and  there  should  be  an  outlet 
in  the  bottom  so  the  tank  can  be  easily 
cleaned,  since  more  or  less  milk  is  sure  to  be 
spilled  making  the  water  foul  and  unfit  for  use. 

Under  some  conditions  a galvanized-iron 
tank  which  is  cheap,  quite  durable  and  easy 
to  keep  clean,  will  give  good  results.  Its  chief 
disadvantage  is  the  rapid  loss  of  cold  by  radia- 
tion through  the  thin  metal  walls.  In  a 
more  expensive,  well-insulated  metal  tank 
built  much  like  a refrigerator,  there  is  very 
little  loss  of  cold  through  radiation. 

When  milk  is  cooled  in  cans  in  any  style 
of  tank  it  is  necessary  to  stir  it  frequently 
till  the  desired  temperature  is  reached.  This 
means  added  labor  which  is  often  a serious 
obstacle.  When  rapid  cooling  and  less  labor 
are  desired,  one  of  several  forms  of  aerating 
coolers  now  on  the  market  may  be  used.  One 
of  the  simplest  and  cheapest  is  shown  in 
Fig.  206.  Tne  open-topped  conical  drum  may 
be  filled  with  cold  water  or  ice  water  or  it 
may  be  connected  to  a running  water  supply 
by  means  of  a piece  of  hose.  When  cold  or 
ice  water  is  used,  it  should  be  stirred  frequently 
to  prevent  the  layer  next  the  cooling  surface 
becoming  warm.  The  milk  tank,  which 
rests  on  the  cooling  drum,  has  a circular 
row  of  fine  holes  at  the  base  through  which 
the  milk  flows,  spreading  out  as  it  strikes 
the  cooling  drum,  m a very  thin,  even  film. 

' In  the  form  shown  in  Fig.  206,  running  water 
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While  the  man  works,  the  horses  stand  still;  while  they  move  his  labor  ceases.  This  is  both  a 

tiresome  and  an  unprofitable  method 


With  a spreader  the  operation  is  continuous  and  the  distribution  uniform;  a maximum  area  is 
covered  and  with  a minimum  of  human  effort 


The  Test  of  a Successful  Farmer  Is  Not  How  Hard  He  Works  but  How  Much  He 
Accomplishes  Economically.  What  Good  Are  Profits  if  One  Wears  Himself  Out  in 
Securing  Them? 
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Threshing  scene  in  our  own  wheat  belt  where  science  and  practical  experience  combine  to  in* 

crease  production  and  efficiency 

Farming  Gives  Many  Men  a Living  in  Spite  of,  Rather  than  Because  of,  Their  Meth- 
ods. But  This  Is  No  Reason  For  Sticking  to  Obsolete,  Inefficient  Practices 
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enters  at  the  bottom  and  circulates 
upward  through  the  spiral  coil  till  it 
reaches  the  overflow  pipe  at  the  top. 
The  milk  does  not  dnp  from  one  ring 
to  the  next  but  follows  the  entire 
surface,  which  becomes  colder  and 
colder  toward  the  bottom.  This 
cooler  is  >made  of  copper  heavily 
tinned  both  inside  and  out. 

Where  economy  of  space  is  import- 
ant a veiy  durable  style  of  cooler 
shown  in  Vol.  I Fig.  633  may  be  desir- 
able. In  this  also  running  water  en- 
ters at  the  bottom  and  flows  out  at 
the  top;  the  milk  flows  in  a thin 
film  over  the  outer  surface,  the  wavy 
construction  giving  a very  long  sur- 
face for  the  amount  of  space  which 


a 6 c d 

Fig.  209.  Common  and  uncommon  containers  for  retailing  milk 


the  cooler  occupies.  temperature  for  several  hours  even  in  hot 

MILK  PASTEURIZER.  When  it  is  de-  weather. 


sirable  to  pasteurize  milk  on  farms,  a tank 
of  the  style  shown  in  Fig.  208  will  be  found 
convenient  and  satisfactory.  With  this  it  is 
possible  to  control  the  heating  and  holding 
temperature  of  the  milk  very  accurately. 
The  milk  can  also  be  cooled  in  this  same  tank 
by  replacing  the  hot  water  with  cold,  or  ice 
water.  This  pasteurizer  is  made  in  a number  of 
sizes  for  handling  different  quantities  of  milk. 

MILK  BOTTLE  CASES  AND  DELIVERY 
BASKETS.  There  are  many  styles  of  cases 
for  carrying  bottles  on  the  delivery  wagon. 
Some  are  made  of  wood  with  metal  dividers, 


while  others,  entirely  of  metal,  are  somewhat 
more  expensive  but  will  outwear  the  wooden 
ones,  and  are  also  easier  to  keep  in  a clean 
and  sanitary  condition.  When  cracked  ice 
is  used  on  the  milk  during  delivery,  it  is  best 
to  have  cases  with  water-tight  bottoms. 
t_  « When  cracked  ice 

is  put  over  the 
I bottles  and  the 

^711  cover  closed  tight, 
I the  milk  will  re- 
J 1 main  at  a low 


Fig.  208.  Power-driven  pasteurizer  which  may  also 
be  used  as  a cooler  by  running  cold  water  or  brine 
through  the  revolving  spiral  coil,  instead  of  steam. 


The  dairyman  who  retails  his  milk  needs 
some  kind  of  a delivery  basket  or  rack.  One 
open  wire  style  is  very  light  but  is  well  made 
and  durable;  another  has  a similar  frame 
covered  with  a close  mesh  woven  wire  that 
makes  it  serviceable  for  carrying  bottles  of  any 
size.  A third  style  is  made  of  tinned  steel, 
heavier  and  able  to  stand  much  hard  wear. 

MILK  BOTTLES.  Most  dairymen  have 
their  milk  bottles  made  with  some  special 
identification  mark,  but  aside  from  minor 
modifications,  they  are  all  made  after  one  of 
the  styles  shown  in  Fig.  209.  Any  of  the  or- 
dinary flat  paper  caps  can  be  used  with  (a), 
while  (6)  requires  the  “beer-bottle”  style  of 
metal  cap;  (c)  and  (d)  show  2 styles  of 
individual  service  fibre  milk  bottles  which, 
under  certain  conditions,  are  very  desirable 
since  they  do  away  with  all  cost  and  trouble  of 
collecting,  washing,  and  sterilizing  used  bottles. 

MILK  CANS  FOR  SEPARATING  AND 
SHIPPING.  Among  the  different  methods 
of  raising  cream  by  gravity,  the  Cooley-can 
system  is  generally  recognized  as  the  best. 
In  the  can  used  (Fig.  190/),  the  cover  extends 
down  over  the  sides  forming  a water-tight 
seal  so  that  the  can  may  be  entirely  sub- 
merged in  cold  water.  A glass  gauge  on  the 
side  shows  the  depth  of  the  cream.  The  skim- 
milk  is  drawn  off  from  the  bottom,  the  siphon 
preventing  the  cream  from  running  out. 

There  are  a few  quite  distinct  types  of 
shipping  can  aside  from  details  of  construc- 
tion and  size.  The  principal  point  of  dif- 
ference in  the  different  styles  is  the  form  of 
the  cover.  Fig.  190a  shows  a can  with  flat 
top  cover  the  edge  of  which  extends  well 
beyond  the  lip  of  the  can  thus  protecting  it 
from  dust  and  dirt,  and  also  the  drop  style  of 
handle;  (6)  illustrates  a style  with  hollow  top 
cover  and  rigid  strap  handle;  ( e ) shows  a 
type  in  which  the  cover  may  be  locked,  closing 
the  can  air-tight,  making  it  impossible  to 
disturb  the  contents  and  preventing  evap- 
oration (this  form  is  often  desirable  when 
cream  is  to  be  stored  or  shipped). 
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fif  (d)  shows  an 

entirely  differ- 
ent type  fitted 
with  a metal  cap 
or  plug  attached 
by  a short  piece 
of  chain,  and 
commonly  used 

Fig.  210.  These  are  both  good  in  the  New  Eng- 
i >ails,  but  the  small-topped  form  land  milk  dia- 
ls by  far  the  better.  trictsfor  market 

milk. 

Each  of  these  styles  is  made  in  several 
sizes.  The  last  one  described  usually  holds 
8|  quarts,  the  other  3 types  are  made  to  hold 
20,  32,  or  40  quarts. 

A convenient  can  sometimes  used  for  ped- 
dling milk  from  a wagon  has  a 1-quart  measure 
for  a cover  (Fig.  190c).  This  arrangement 
protects  not  only  the  milk  can  but  al so  the 
measure  from  contamination  with  dust  and 
dirt  while  on  the  route. 

MILK  PAILS.  The  milk  pail  is  an  im- 
portant factor  in  determining  the  sanitary 
quality  and  the  market  value  of  milk.  A 
good  milk  pail  should  (1)  be  easy  to  use;  (2) 
be  durable;  (3)  be  easy  to  keep  clean;  and  (4)  as 
— y far  as  possible,  prevent 
i if  I the  entrance  of  dust 

1 A / \ 15  I and  bacteria  into  the 

l — N miTo  meet  the  first 
Fig.  21 1.  Good  (A)  and  requirement  a pail 
poor  (£  and  C)  seam  con-  mu«f  0f  rurht 
struction  in  dairy  tinware.  J111181  De,°\ 

form  and  size  to  hold 
easily  between  the  knees  and  below  the  level  of 
the  cow’s  udder.  For  most  men  a 12-quart  pail 
of  the  form  shown  in  Fig.  210  is  the  most  desir- 
able; if  too  flaring  it  is  difficult  to  hold,  and  if 
too  high  it  is  inconvenient  to  use. 

To  meet  the  second  need  the  pail  must  be 
made  of  metal,  heavy  enough  to  stand  use 
without  binding  or  denting.  Pails  made 
from  heavy  tin,  well  reinforced  at  top  and 
bottom  either  with  band  iron  or  wire,  are  good 
and  the  lowest  in  price.  A galvanized  iron 
bottom  adds  somewhat  to  the  cost,  but  a pail 
so  strengthened  will  wear  much  longer  and  in 
the  end  be  just  as  cheap.  Pails  made  of 

el  steel,  well  tinned  inside 
’ong  and  durable,  greatly 
linner  ones,  and  on  many 
ng  excellent  results. 
Because  of  the 
great  importance  of 
cleanliness  only  met- 
^ al  pails  should  be 
; used.  Furthermore, 
there  should  be  no 
open  seams  or  cracks 
$r  into  which  milk  can 

Fig.  212.  Scales  for  use  in  *n4  which  can 
testing  dairy  products,  a slid-  not  be  easily  reached 
ing  poise;  b hanging  poise;  c with  the  Wash  cloth 
pointer  beam;  d indicator  nr  hniah  All  aoama 
plate;  e levelling  screws.  (See  Drush.  All  seams 
text  p.  134.)  and  corners  should 


be  well  flushed  with  ■ ■— 
solder  as  shown  in  a Fig. 

211;  such  conditions  as  == 
are  Shown  in  B and  C « = 

should  never  be  allowed 
in  pails  or  other  utensils 
usedfor  handling  milk.  hSlztlz 
From  the  point  of  ease 
in  cleaning,  pails  made  V— o-°W 
of  pressed  metal  without  VS-  W 

seams  are  especially  de- 
sirable.  C— — 1 

Keeping  quality  is  a 
very  important  factor  V 

in  the  market  value  of  #7771  u\ 

milk,  and  since  keeping  / I . J \ \\ 

quality  is  largely  de-  I Ay  \\ 
pendent  upon  the  num-  J * fel 
ber  of  bacteria  in  it,  it  1 1 j 4 

is  desirable  that  as  j 4 4 4 ^ \ 

many  as  possible  be  pre-  4 j j L Jk 
vented  from  entering  .L 

the  milk.  Many  of  the  ^~=— : — = ^ ^ 
bacteria  in  fresh  milk 
fau  in  from  the  body  Flc  213  Diagram 

and  udder  of  the  COW  show  action  of  sedi- 

during  milking,  hence  ment  tester, 

it  is  important  to  use 
a pail  made  to  keep  out  as  many  as  pos- 
sible of  these  organisms.  A hooded  or 
covered  pail  (Fig.  210)  is  very  desirable  for 
this  purpose,  being  easy  to  use  and  able  to 
exclude  approximately  two  thirds  of  the  bac- 
teria which  would  fall  into  an  ordinary  pail. 
The  crown  in  the  hood  makes  every  part  of 
the  inner  surface  visible  and  easy  to  wash. 
A covered  pail  costs  a little  more  than  the 
ordinary  sort,  but  the  hood  adds  stiffness  and 
makes  it  wear  longer. 

p>  MILK  SCALES.  A good  spring  balance 
for  weighing  the  milk  from  individual  cows 
when  records  are  kept  should  be  provided 
with  a loose  pointer  which  can  be  adjusted 
by  means  of  a thumbscrew  to  offset  the 
weight  of  the  empty  milk  pail  so  that  the 
exact  weight  of  the  milk  may  be  read  direct. 
The  scale  that  reads  in  pounds  and  tenths  of  a 
pound  makes  the  calculations  much  simpler 
than  one  showing  pounds  and  ounces.  Such 
a balance  is  made  in  sizes  weighing  up  to  30 
and  60  pounds  respec- 
tively. For  weighing 
milk  in  cans,  a plat-  ^ ^ 

form  scale  with  the 
beam  graduated  to  i 
half  pounds  is  desir- 

a MILK  SEDI- 
MENT  TESTERS.  J 

The  amount  of  insol-  ""  ^ ' 

uble  dirt  in  a partic- 
ular lot  of  milk  may  L m 
be  ascertained  by  the 
use  of  a sediment 

tester  of  which  there  2U.  Metal  type  of 
are  several  styles  on  segment  tester 


Digitized  by 


Googh 


DAIRY  MACHINERY  FOR  THE  FARMER 


141 


Fig.  215.  Sanitary  metal  milk  stools.  (See  text) 

the  market.  In  using  one  of  the  cheap- 
est and  simplest,  a pint  bottle  is  filled  with 
the  milk  to  be  tested;  the  tester  contain- 
ing a disk  of  filter  cotton  is  placed  over  it 
then  turned  upside  down  over  a second,  empty 
pint  bottle.  A few  squeezes  of  the  bulb  give 
enough  pressure  to  force  the  milk  through 
very  quickly  (Fig  213). 

In  another  style  (Fig.  214)  the  cotton  filter 
is  easily  clamped  in  place  on  the  bottom,  the 
chamber  filled  with  milk,  the  air-tight  cover 
clamped  on  and  the  required  pressure  ob- 
tained by  means  of  the  bulb.  This  may  be 
used  as  a portable  tester  by  the  milk  inspector 
or,  in  the  factory  or  creamery,  may  be  at- 
tached by  means  of  the  bracket  over  the 
weigh-can  for  testing  the  milk  of  different 
farmers  as  their  milk  is  received. 

A style  of  filter  is  made  for  use  where  a 
large  number  of  samples  are  to  be  tested.  A 
number  of  filter  tubes  are  placed  in  a hot- 
water  jacket  which  hastens  the  filtering  pro- 
cess, especially  in  cold  weather.  Each  of 
these  devices  uses  a standard  1-inch  filter 
disc,  and  holds  a pint  of  milk. 

MILK  STOOLS.  The  usual  wooden  milk 
stool  soon  becomes  very  dirty,  is  not  easily 
cleaned,  and  is  usually  quite  short-lived.  To 
meet  the  present  day  demand  for  a more 
permanent  stool  which  could  be  kept  clean, 
the  stools  shown  in  Fig.  215  have  been  placed 
on  the  market  and  are  now  in  use  on  many 
dairy  farms:  a is  a single-piece  stool,  the 
seat,  leg,  and  foot  being  welded  together  and 
the  entire  stool  then  given  a heavy  enamel 
coating,  making  the  surface  smooth  and  easy 
to  wash  and  keep  clean;  6 is  of  the  same 
size,  but  has  3 legs  which  are  securely  riv- 
eted to  the  seat  and  stiffened  by  a brace 
about  half  way  down;  the  whole  stool  is 
then  heavily  enameled  making  it  practically 
a one-piece  stool;  e is  made  of  malleable  iron 
cast  in  one  piece,  galvanized,  and  very  strong 
and  durable. . 


FIG.  216.  Three  types  of  strainer  as  described  above 


MILK  STRAINERS. 

Whatever  differences  exist 
in  different  methods  of 
handling  milk,  one  opera- 
tion is  rarely  omitted — that 
of  straining.  Of  the  many 
forms  of  strainers  on  the 
market,  many  are  too  com- 
plicated for  practical  use. 

A good  strainer  should  be 
simple  in  structure,  easy  Fig.  217.  Complete 
to  use  and  capable  of  re-  two-cow  unit  of  one 
moving  all  particles  mechanical 

of  dirt.  Fig.  216a  shows 
one  of  the  simplest  and  cheapest  styles. 
The  one  or  more  layers  of  strainer  cloth  are 

E laced  over  the  bottom  of  the  cylinder  and 
eld  in  place  when  the  loose  collar  is  pressed 
into  place.  In  another  type  (Fig.  2166)  the 
milk  passes  through  2 layers  of  metal  gauze 
of  different  mesh  which  are  held  in  place  by 
a wire  spring,  and  can  easily  be  removed  for 
washing.  If  a heavier,  more  durable  strainer 
is  desired,  the  one  shown  in  Fig.  216c  in  which 
the  milk  passes  through  2 sets  of  strainers 
will  give  good  results.  It  is  made  of  heavy 
tin,  each  section  being  a single  seamless  piece. 

MILKING  MACHINES.  Since  about 
1910,  a number  of  different  styles  of  milking 
machines  have  been  placed  upon  the  market. 
In  this  development,  many  manufacturers 
have  endeavored  to  imitate  the  action  of 
either  the  calf  or  the  hand  milker.  In  all  the 
machines,  the  milk  is  drawn  from  the  teat 
by  the  creation  of  a vacuum  in  the  teat  cup, 
or  by  pressure  outside,  or  by  the  combined 
action  of  a vacuum  in  the  teat  cup  and  pres- 
sure applied  to  the  side  of  the  teat.  Some 
of  the  chief  differences  between  machines 
now  on  the  market  are  in  the  form  of  the  teat 
cups  and  in  the  principle  by  which  they 
work.  On  this  basis  there  seem  to  be  3 
general  types.  In  one  the  teat  cup  consists 
of  a rigid  metal  cone  with  a flexible  rubber 
cup  at  the  top,  which  forms  a close  ring  around 
the  teat.  The  body  of  this  teat  cup  is  not 
flexible  and  has  no  inner  lining;  the  milk  is 
drawn  by  creating  alternately  a vacuum 
and  a normal  atmospheric  pressure  in  the  cup. 
This  form  of  cup  is  made  in  3 sizes  to  fit 
cows  with  large,  medium,  and  small  teats. 
It  is  shown  on  the  machine  in  Fig.  217. 

In  a second  type  of  cup,  (Fig.  218),  the  outer 
wall  is  rigid  but  there  is  an  inner  flexible 
lining.  The  milk  is  drawn  by  creating  first 
a vacuum  in  the  inner  tube  and  then  pressure 
in  the  space  between  the  inner  lining  and  the 
outer  wall,  which  exerts  a 
squeezing  effect  [upon  the 
teat.  This  action,  m which 
the  periods  [of  the  vacuum 
and  pressure  alternate  auto- 
matically, is  l supposed  to 
have  the  effect  of  preventing 
the  accumulation  of  blood  in 
the  blood  vessels  of  the  teat. 
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Fig.  218.  How  teat  cup.  !?VP 

of  the  second  type  (p.  141)  extending  down- 

work.  ward.  This  pressure 

is  intended  to  imi- 
tate the  action  of  the  hand  in  hand  milking. 

Many  variations  of  these  types  are  found 
in  the  machines  now  on  the  market. 

For  creating  and  controlling  the  vacuum 
and  air  pressure,  many  devices  have  been 
developed  but  as  in  the  case  of  the  teat  cups, 
there  appear  to  be  three  general  types  after 
which  the  other  makes  are  patterned.  In 
one  of  these  (Fig.  217),  the  automatic  control 
is  placed  upon  the  cover  of  the  milk  pail,  and 
is  operated  by  means  of  a vacuum  pump  con- 
nected with  the  air  pipe  line  placed  over  the 
cow  stanchion.  This  regulator  or  “pulsator” 
is  automatic  and  can  be  adjusted  to  give 
any  desired  number  of  strokes  per  minute; 
it  is  easily  removed  from  the  pail  for  cleaning 
and  sterilizing.  In  this  form  of  milker,  there 
is  continuous  vacuum  in  the  pail  which 
seals  it  tight  and  avoids  any  possibility  of  the 
cover  falling  off  during  the  milking  process. 

A second  type  of  pulsator  (Fig.  220a),  instead 
of  being  attached  to  the  milk  pail,  is  applied 
at  the  pipe  line  above  the  stanchion,  and  is 
operated  by  compressed  air.  It  requires 
the  use  of  2 rubber  tubes  from  pulsator  to 
milk  pail  and  also  from  the  pail  to  the  teat 
cups  instead  of  one  tube  as  in  the  case  of  the 
first  style.  This  pulsator  does  not  come  in 
contact  with  the  milk  and  therefore  requires 
no  washing;  it  also  maintains  a constant 


vacuum  in  the  pail 
which  seals  down 
the  cover. 

In  the  third  type 
(Fig.  2206)  the  vac- 
uum is  created  only  in 
the  tube  system  so 
the  cover  of  the  pail 
is  not  sealed  down 
during  the  milking. 
The  vacuum  and  re- 
lease in  the  teat  cups 
are  caused  by  the 
alternate  opening 
and  closing  of  the 
valve  at  the  bottom 


Fig.  220.  Pulsating  me- 


of  the  vacuum  cham-  chanism  of  two  types  of 
ber  in  the  lid  of  the  milkers,  a is  attached  to 
pail.  Like  the  other  b tonns  cover  o£ 


styles,  this  machine 


is  operated  by  means  of  a vacuum  pump  and 
some  means  of  power  which  may  be  located 
at  any  convenient  place,  outlets  for  the 
attachments  of  the  rubber  tubes  being  dis- 
tributed along  the  pipe  line  above  or  beside 
the  stanchions. 

STERILIZERS.  In  the  handling  of  milk 
and  other  dairy  products,  nothing  is  more  im- 
portant than  the  thorough  sterilizing  of  all 
the  utensils.  In  the  case  of  a few  utensils 
this  may  be  done  by  thorough  scalding  with 
boiling  water  or  by  submerging  them  in 
boiling  water.  If  there  are  many,  the  use 
of  steam  will  be  more  satisfactory,  both  from 
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the  standpoint  of  complete  sterilization  and 
the  saving  of  labor.  On  many  daily  farms 
large  wooden  chests  or  chambers  built  of 
concrete  or  hollow  tile  are  giving  excellent 
results.  Fig.  221a  shows  a small  sterilizer 
devised  by  the  U.  S.  Department  of  Agri- 
culture (see  Farmers’  Bulletin  748)  for 
use  over  a 2-burner  oil  stove  in  small  dairies, 
and  which  can  be  made  by  any  good  local 
tinner.  A galvanized  iron  box  confines  the 
steam  generated  from  water  held  in  an  or- 
dinary roasting  pan,  the  steam  then  escaping 
through  the  tube  on  top.  Pails  and  cans 
are  sterilized  by  being  inverted  over  this 
exhaust  pipe. 

Where  a supply  of  steam  is  available  the 
heavy  galvanized  iron  sterilizer  (Fig.  2216),  in 
which  the  steam  enters  through  perforated 
pipes  in  the  bottom  makes  a very  useful 
sterilizer,  since  all  the  utensils  used  during  the 
day  can  be  treated  at  once.  When  the  steam 
is  turned  off  the  door  should  be  opened  for  a 
few  minutes  to  allow  the  steam  to  escape  so 
the  utensils  can  dry  off.  They  can  then  be 
placed  on  racks  or  left  in  the  sterilizer  till 
needed  for  use.  Larger,  higher  grade  ma- 
chines, insulated  and  filled  with  loose  shelves, 
trucks  and  metal  rails,  drainage  devices, 
etc.,  are  made  for  use  in  large  dairies. 

WASH  SINKS  AND  BOTTLE  WASHERS. 
A good  wash  sink  is  a very  important  part 
of  the  dairy  equipment.  The  old-style  wooden 
sink  is  hard  to  keep  clean  and  is  being  rapidly 
replaced  by  the  metal  tank  type.  A round- 
bottomed  sink  is  especially  good  for  washing 


Fig.  222.  A good  metal  double  wash  sink  with  bottle 
brush  operated  by  a foot  treadle 


milk  cans.  If  it  contains  a centre  partition, 
one  side  can  be  used  for  washing  and  the  other 
for  rinsing.  Such  a tank  costs  somewhat 
more,  but  really  serves  as  two  sinks,  and  is 
very  economical  and  serviceable. 

A small  number  of  bottles  may  easily  be 
washed  with  a regulation  bottle  brush,  but  if 
100  or  more  are  to  be  handled  daily  a foot 
power-washer  (Fig.  222)  will  be  a great  time 
saver.  For  still  larger  numbers  of  bottles  a 
power-driven  washer  run  by  steam  turbine, 
belt,  or  electric  power,  is  desirable. 


Fig.  223.  Farm-made  apparatus  for  pressing  cheese  (see  p.  IliC) 
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Fig.  224.  A triumph  of  modem  invention  in  spray  machinery.  A horse-drawn,  engine-driven  machine  covering 

twelve  rows  with  sixteen  nozzles 


CHAPTER  13 

Machines  for  Spraying  Ooo? 

By  F.  F.  Rockwell,  (see  Chapter  11).  The  greatest  development  of  spraying  apparatus  has 
been  along  the  lines  of  vegetable  and  fruit  growing  activitiesf  and  it  is  these  to  which  Mr.  Rockwell 
has  given  a large  share  of  his  attention.  As  in  the  case  of  the  garden  implements  he  describes  in  an 
earlier  chapter , his  statements  and  recommendations  are  invariably  based  on  personal  practical 
trials  and  experiences.  That  he  is  equipped  to  put  his  ideas  in  interesting , convincing  form  has 
already  been  proved  by  nis  books  which  include  “Around  the  Year  in  the  Garden”  “The  Key  to  the 
Land,”  tl Vegetable  Gardening “Gardening  Indoors  and  Under  Glass”  and  others.— Editor. 

SPRAYING  has  become,  during  recent  years,  an  acknowledged  factor  in  the 
successful  culture  of  many  of  the  most  important  crops  of  the  farm,  garden, 
and  orchard.  Many  of  the  large  growers  would  sooner  think  of  attempting  to 
get  along  without  their  harrows  or  cultivators  than  without  their  spraying  ap- 
paratus. Spraying  is  coming  into  such  universal  use,  not  only  because  it  is  a 
protection  against  possible  loss  from  insects  and  disease,  but  because  it  in- 
creases profits,  in  normal  as  well  as  in  exceptional  years.  (For  detailed  direc- 
tions as  to  when  and  how)to  spray,  what  to  use  for  different  pests,  etc.,  see 
Vol.»II,  Chapters  32, 33, 34  and  articles  on  special  crops.) . 

Wonderful  advances  have  been  made  in  the  apparatus  for  spraying  of  all  kinds, 
from  the  smallest  hand  sprayer  to  the  largest  orchard  outfit.  This  has  made 
spraying  a much  less  disagreeable  task  than  formerly,  and,  more  important,  it 
has  made  it  much  more  certain  and  effective.  It  has  also  greatly  decreased  the 
cost  of  applying  the  spray  material.  The  cost  of  spraying,  however,  which  is, 
after  all,  the  factor  winch  will  determine  whether  it  is  a profitable  thing  to  do  or 
not,  will  depend  very  directly  upon  the  efficiency  of  the  spraying  machinery  used. 1 
Further,  efficiency  is  not  determined  solely  by  large  capacity.  A 2-row  machine 
which  mil  keep  working  will  be  cheaper  to  use  than  a 6-row  outfit  which  continu- 
ously gives  trouble  and  has  to  be  replaced  after  a few  years’  use. 

The  requisites  of  a good  spraying  machine^  other  farm  machines.  The  results  of  the  work 
of  no  matter  what  type,  are  as  follows:  re-  * done,  the  cost  of  applying  the  spray,  and 
liability,  good  pressure,  accessibility,  con-  the  completion  of  the  work  on  time — which 

venience,  and  facility  of  repairs.  is  more  important  in  spraying  than  in  almost 

Reliability.  This  point,  important  with  any  other  farm  operation— depend  directly 

any  machinery,  is  relatively  more  important  upon  reliability,  upon  having  a machine  so 

in  the  case  of  the  sprayer  than  with  most  practical  in  design  that  it  will  keep  working.  1 
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(rood  pressure.  The  results  of  spraying 
depend  directly  upon  the  thoroughness  with 
which  the  work  is  done.  A steady,  high 
pressure  that  will  break  the  spray  up  into  a 
fine  mist,  reaching  every  part,  penetrating 
crevices,  and  adhering  when  larger  drops  of 
the  spray  would  merely  strike  and  roll  off 
or  rim  together,  is  absolutely  essential  for 
good  work.  A constant,  even  pressure,  as  well 
as  high  pressure,  is  of  equal  importance. 

Accessibility.  The  best  of  pumps  will 
have  to  be  cleaned  and  regulated  occasionally, 
and  will  sometimes  need  repairs.  Construc- 
tion or  design  which  will  admit  of  such  work 
being  done  quickly  and  easily  is  of  great 
importance.  A sprayer  that  requires  a 
machine-shop  equipment  to  get  at  its  interior 
is  not  a good  pump  to  have  to  depend  upon. 
The  working  parts  should  not  be  made  accessi- 
ble, however,  at  the  cost  of  risk  either  to  the 
operator  or  to  the  machinery.  Working 
gears  and  so  forth  should  be  inclosed  or  pro- 
tected by  guards  so  that  they  will  be  “fool- 
proof”; and  the  whole  apparatus  should  be 
protected  by  screens,  side  curtains,  or  similar 
guards  to  prevent  the  possibility  of  limbs, 
broken-off  twigs  and  so  forth  from  getting 
caught  in  any  of  the  working  parts. 

Convenience.  Time  is  an  important  ele- 
ment in  spraying,  because  it  affects  not  only 
the  cost,  but  also  the  results,  of  the  work. 
A spraying  equipment  should  be  such  that 
the  work  can  be  done  as  expeditiously  as 
possible.  Small  things  count.  A hinged 
tower  that  can  be  folded  down,  instead  of  a 
rigid  one;  an  equipment  of  tools  on  the  spray 
rig  for  making  all  adjustments  and  slight 
repairs;  angle  or  other  special  nozzles  carried 
u'ith  the  outfit;  a rig  that  will  turn  short,  but 
with  the  centre  of  gravity  low  down,  so  that 
there  is  no  danger  of  tipping  over;  an  adequate 
supply  of  such  extra  parts  as  are  most  likely 
to  wear  out  or  give  way,  such  as  washers, 
gaskets,  hose  connections,  and  so  forth;  in 
a power  machine,  a good,  reliable  engine; 
a tank  that  can  be  conveniently  filled,  but 
will  not  slop  over  when  it  is  full — all  these 
things,  and  many  others,  are  minor  points 
perhaps;  but  in  the  aggregate  they  make  a 


Fig.  225.  Spraying  melon  vines  with  double  nozzles  on 
two  lines  of  hose,  the  machine  being  of  the  horse-driven 
traction  type. 


great  deal  of  difference  in  the  actual  efficiency 
of  the  outfit  in  use;  and  they  should  be  borne 
in  mind  when  selecting  a machine. 

Repairs.  After  determining  the  type  of 
machine  best  suited  to  your  purposes,  get  the 
best  of  that  kind  there  is  to  be  had.  You 
may  find  a wide  range  in  prices,  but  in  spray- 
ing equipment,  if  anywhere,  “the  best  is 
the  cheapest."  Many  of  the  materials  used 
in  spraying  are  highly  corrosive.  A brass 
tank  or  brass  working  parts  may  be  more 
expensive  than  those  of  some  other  metal, 
but  the  additional  expense  will  pay  in  the 
long  run,  because  the  weakest  part  of  the 
machine  will  be  the  one  to  determine  its 
working  life. 

Good  modern  spray  machinery  is  made  to 
give  long,  reliable  service  without  constant  tin- 
kering and  repairing.  When  it  finally  gives 
out  it  is  generally  worn  out  and  should  be  re- 
placed. But  even  a good  machine  sometimes 
needs  repairs  in  a hurry.  It  is  well  to  buy  your 
equipment,  therefore,  from  an  established  con- 
cern from  which  you  can  always  get  advice  or 
repair  parts  without  any  trouble.  Other  things 
being  equal,  buy  the  machine  for  which  you  can 
get  this  service  in  the  shortest  possible  time. 

These  general  principles  apply  to  all  spray- 
ing equipment,  and  should  be  taken  into  con- 
sideration when  one  is  making  a selection 
of  any  kind  of  spraying  apparatus,  from  a 
hand  syringe  to  a high-powered  orchard  outfit. 


General  Types  of  Sprayers 

With  the  very  wide  variations  that  exist  in  the  forms,  sizes,  and  mechanical 
construction  of  pumps  for  many  different  purposes,  the  simplest  basis  on  which  to 
make  a classification  of  the  different  kinds  of  pumps  is  the  land  of  power  by  which 
they  are  operated.  There  are  three  general  types:  those  worked  by  hand  power; 
those  driven  by  traction  from  the  wheels  of  the  rig  on  which  they  are  mounted; 
and  those  driven  by  engine  power. 

The  power-driven  outfits  are,  of  course,  the  most  expensive,  but  their  capacity 
is  so  much  greater  that  they  are  coming  into  more  and  more  general  use,  even  for 
those  purposes  for  which  the  other  two  types  have  been  generally  used.  The  trac- 
tion type  has  the  disadvantage  of  being  more  uneven  in  the  pressure  supplied 
than  either  of  the  other  two,  and  it  is  on  the  whole  more  likely  to  get  out  of  order. 
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Fig.  226.  A power  sprayer  suitable,  and  indeed  essential,  for  large  commercial  orcharding  operations.  A tower  can 

be  erected  on  it  for  reaching  tall  trees 


Frequently  outfits  of  this  type  cannot  be  used  under  unfavorable  conditions,  such 
as  on  wet  ground  or  over  steep  grades,  where  either  of  the  other  types  could  be 
used.  Where,  as  is  usually  the  case,  there  is  a good  deal  of  other  work  for  a small 
engine  on  the  farm,  the  spraying-outfit  engine  can  be  used  for  that  purpose  and 
need  not  be  charged  up  entirely  to  the  spraying  equipment. 

The  disadvantage  of  the  hand-operated  pump,  compared  with  either  the  trac- 
tion- or  the  power-driven  type  is,  of  course,  that  it  is  either  very  limited  in  capac- 
ity or  will  require  the  services  of  an  extra  man  in  addition  to  the  applying  of  the 
spraymaterial.  The  larger  hand  outfit  now,  however,  is  entirelypracticaland  good 
for  commercial  work,  where  the  amount  of  spraying  done  is  not  too  great.  It  can 
be  utilized  for  many  purposes,  being  readily  adapted  for  work  in  the  orchard,  on 
garden  or  field  crops  of  limited  area,  and  for  spraying,  disinfecting,  and  so  forth. 

Another  general  distinction  among  pumps  of  various  kinds  is  based  on  the 
manner  in  which  the  spray  material  is  applied — whether  by  compressed  air  or 
directly  by  the  force  of  the  pump.  The  former  method  is  more  flexible  and  gives 
a more  constant  and  even  pressure;  and  it  is  under  more  accurate  control,  with 
less  danger  of  breakage,  if  anything  goes  wrong.  Both  types,  however,  are  used 
successfully,  and  neither  is  best  for  all  purposes.  In  small  hand  sprayers,  the 
compressed-air  type  has  the  advantage  of  allowing  the  pumping  to  be  done  in  ad- 
vance of  the  actual  spraying,  so  that  one’s  whole  attention  can  be  given  to  the 
latter  while  the  material  is  being  applied. 

Outfits  for  Orchard  Spraying 

Orcharding,  like  the  growing  of  any  other  commercial  crop,  is  being  done  on  a 
larger  and  larger  scale.  Spraying  in  commercial  orchards  is  done  mostly  by 
power-driven  outfits  of  100  to  250  gallons  capacity.  The  size  of  the  orchard  is 
not  the  only  factor  in  determining  which  size  of  tank  will  be  the  most  economical 
to  use.  On  hilly  or  rough  land,  a tank  of  relatively  small  capacity,  when  full, 
may  be  all  that  a pair  of  horses  can  handle.  Here,  as  in  selecting  the  make  of 
your  machine,  it  is  important  to  get  one  that  will  keep  working.  Delays  and 
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breakdowns  are  expensive;  and  the  bigger  the  machine,  the  more  expensive  they 
are. 

Where  spraying  is  one  of  the  important  operations  on  the  farm,  it  will  pay  to 
have  the  spraying  rig  complete  in  itself,  rather  than  to  have  to  depend  on  using 
another  wagon  gear.  Spraying  outfits  can  be  bought,  however,  that  are  mounted 
on  a substantial  base,  ready  to  use  on  a farm  gear,  where  that 
seems  desirable.  One  of  the  handiest  outfits  for  a moderate-sized  £ f 
orchard  is  a small  engine  pump  and  tank  mounted  as  a unit  on  a 
platform  which  can  be  slipped  in  to  a suitable  farm  wagon,  or  placed 
upon  a flat  truck.  Some  of  these  outfits  are  designed  to  work  with- 
out even  being  secured  to  the  wagon  in  any 
way;  but,  of  course,  bolts  or  lag-screws,  to  pre- 
vent possible  slipping  on  hillsides  or  rough 
ground,  will  be  only  a reasonable  precaution. 

Such  outfits  may  be  had  to  carry  50  to  100  gal- 
lons of  spray,  and  weighing,  complete,  500  to 
700  pounds.  An  outfit  of  this  kind,  especially  if 
there  is  available  a suitable  place  to  store  it 
during  the  periods  when  it  is  not  in  use,  so  that 
when  wanted  it  may  be  let  down  on  the  wagon 
body  by  means  of  a block  and  tackle,  makes 
an  ideal  1-  or  2-man  outfit  for  the  small  or- 
chard. While  it  costs  a little  more  than  a hand 
pump  and  a barrel  outfit  for  a wagon  or  cart,  it 
has  several  times  the  capacity,  will  save  one 
man’s  time,  and  is  thoroughly  practical  in  every 
way. 

For  the  home  orchard  or  the  small  commercial  orchard  of  only 
a few  trees  or  few  acres,  where  it  is  often  operated  in  connection  with  ^ 

poultry  or  intensive  truck  gardening,  a barrel-pump  sprayer  is  the  Extension 
most  economical  and  will  answer  its  purpose.  One  of  the  objections  3£d«5i£ 
to  this  type  of  sprayer  is  that  the  small  quantity  of  material  carried 
makes  it  necessary  to  come  back  to  the  base  of  supplies  very  fre-  other’ of 
quently.  Even  when  only  a 1-horse  cart  or  wagon  is  used  for  trans- 
porting  the  spray  outfit,  much  of  this  wasted  time  may  be  saved  by 
carrying  1 or  2 extra  barrels  of  the  spray  material  with  tight  covers  along  with 
the  barrel  with  which  the  spraying  is  being  done.  When  this  extra  supply 
is  neededj  it  can  be  simply  siphoned  into  the  barrel  into  which  the  pump  of 
the  spraying  outfit  is  attached,  care  being  taken,  of  course,  to  keep  it  agitated 
while  it  is  being  drawn  off,  so  that  the  mixture  will  remain  uniform.  With  an 
outfit  of  this  kmd,  at  a very  low,  initial  cost,  two  men  will  cover  a great  many 
trees  in  a day’s  work. 


</ 


Fig.  227.  Popular  types 
of  nozzles:  a and  b single 
and  double  Vermorels;  c 
bordeaux;  d a recent  im- 
proved development. 


Equipment  for  orchard  work.  The 

Sir  spraying  outfits  are  usually  equipped 
an  elevated  platform  or  stage  with  a 
substantial  railing  around  it,  to  enable  the 
men  who  are  handling  the  hose  to  be  in  a 
better  position  to  do  their  work,  to  reach  the 
tops  of  tall  trees,  and  to  save  spray  material. 
Under  some  conditions,  however,  the  spray 
tower  may  not  be  needed,  or  may  even  be 
in  the  way.  It  should  be  easily  removable, 
and,  in  the  most  convenient  type  of  ap- 
paratus, it  is  hinged  on  one  side,  so  that  it 


may  be  folded  over  for  going  under  large 
limbs  or  wires  on  the  road,  farm  gateways, 
and  so  forth. 

One  of  the  most  frequent  causes  of  annoy- 
ing, awkward,  and  costly  delays  in  spraying 
is  worn-out  or  dried-out  hose  and  hose  con- 
nections. An  ample  supply  of  all  the  minor 
repair  accessories — hose  fittings,  washers, 
connections  with  bands,  etc. — should  be 
carried  along  with  the  machine.  Also,  a 
lead  of  hose  should  be  kept  available  in  case 
of  accident.  With  the  high  pressure  used, 
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and  the  strenuous  treat- 
ment necessary  in  spray- 
ing, one  can  never  be 
sure  when  a hose  is  go- 
ing to  “go.” 

For  most  orchard 
work,  extension  poles  for 
use  in  connection  with 
the  hose  are  required 
These  are  made  either  of 
steel  or  of  bamboo  with 
an  inner  tube.  The  for- 

Fig.  229.  Bamd  spray  mer>. 
pump,  an  excellent  aU-  wooden  hand  grips,  are 
'round  farm  outfit,  partly  coming  into  more  gen- 
cut  away  to  show  agitators  eral  use.  Drip  guards, 
formerly  used  and  re- 
commended for  the  operator’s  comfort  are  be- 
ing rendered  unnecessary  by  improved  pole 
construction  and  materials.  Special  strainers 
for  filling  the  tanks  may  be  had  for  most  out- 
fits and  are  well  worth  their  price  in  time  saved 
both  in  excluding  foreign  matter  from  the 
tank  and  in  preventing  clogging  of  the  nozzles. 
Where  there  are  large  acreages  to  be  taken  care 
of,  a pump  for  filling  the  tank  will  be  a paying 
investment;  for  even  a slight  delay  at  each 
trip,  this  point  will  cut  down  the  day’s  work 
from  a tankful  to  several  tankfuls. 

A new  system  in  orchard  work  uses  a nozzle 
which  throws  one  big  sheet  of  mist  for  15  feet 
or  more,  so  that  fruit  trees  of  ordinary  size 
may  be  covered  clear  to  the  top  branches  from 
the  ground  It  enables  one  man  to  apply  as 
much  spray  as  two  or  three  could  witn  the 
ordinary  pole-and-small-nozzle  equipment,  A 


te  spray  “guns”  may  be  used  singly  or  in 
irs,  and  if  desired,  in  connection  with  the 
regular  spraying  apparatus.  Any  one  interested 
in  getting  a new  orchard  outfit  would  do 
well  to  investigate  this  new  system  and,  if 
possible,  to  see  it  in  actual  operation  before 


he  decides  to  purchase  the  standard  spray 
equipment. 

Another  type  of  the  power  sprayer  for 
orchard  work  is  the  compressed  air  sprayer 
in  which  only  the  air  is  carried  with  the  out- 
fit, the  engine  and  compressor  being  located 
at  the  central  point,  where  the  tank  is  filled 
Where  it  is  possible  to  get  air  under  sufficient 
compression  without  going  to  too  great  an 
expense,  this  system  nas  some  advantages, 
especially  in  very  hilly  orchards,  or  where  the 
work  is  being  done  on  a very  large  scale. 
The  weight  of  the  outfit  to  be  transported 
is,  of  course,  very  much  reduced,  and  there- 
fore more  of  the  spray  material  can  be  carried. 
The  danger  of  breakdown  or  injury  to  the 
equipment  in  operation  is  also  much  less. 
The  equipment,  if  used,  should  be  such  as  to 
make  it  possible  to  keep  up  the  pressure  re- 
quired for  good  work  until  all  the  contents  of* 
the  tank  are  emptied— a petering  out  of  air 
pressure  means  poor  results.  Under  the 
right  conditions,  the  work  done  is  as  good  as 
by  the  regular  equipment.  It  is  merely  a 

Question  of  which  will  pay  the  best,  and  that 
epends  principally  on  local  factors. 


Fic.  230.  Wheelbarrow  type  of  band  sprayer  suitable 
for  whitewashing  as  well  as  crop  spraying.  Tank  can  be 
removed  and  barrow  part  used  for  other  farm  work 


Spraying  Equipment  for  Small  Fruits  and  Field  Crops 

For  spraying  field  crops,  small  fruits,  vineyards,  and  so  forth,  the  traction 
type  of  sprayer  is  used  more  generally  than  either  the  enginendriven  or  the  hand- 

power  type.  Spraying  of  this  kind  can  be  done 
automatically  at  a uniform  rate  of  speed,  and  the 
traction-power  is,  therefore,  sufficiently  steady  to 
answer  the  purpose.  With  machines  of  greater 
capacity,  and  the  recognized  necessity  of  using 
high  pressure  to  get  a mist  spray,  traction  as  a 
source  of  power  becomes  less  practical  and  is  being 
gradually  replaced  by  lightweight  but  highly 
„ efficient  gasoline  engines. 

Much  of  what  has  been  said  in  regard 
to  orchard  outfits  applies  to  the  equip- 
ment for  field  sprayers.  The  main  things 
«<2j  in  selecting  a pump  for  this  purpose, 
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FIG.  232.  A convenient  and 
popular  knapsack  sprayer — 


are  to  make  sure  that  you  are  getting  a practical,  substantial 
pump,  and  to  obtain  an  equipment  m the  way  of  spray 
arms,  nozzles,  and  so  forth,  that  will  be  exactly  suited  for 
the  purpose  for  which  you  wish  to  use  it.  In  this  connec- 
tion, it  should  be  kept  in  mind  that  for  most  crops  it  has 
proved  most  effective  so  to  concentrate  the  nozzle  fire  that 
it  will  strike  the  row  or  crops  from  the  side  or  even  at  an 
upward  angle  as  well  as  from  the  top.  This  is  especially 
true  in  the  case  of  fungous  diseases  and  of  such  insects  as 
the  melon  louse,  which  congregate  on  the  under  surfaces 
of  the  foliage.  With  the  increased  pressure  obtained  in 
using  an  engine-driven  sprayer  for  field  work,  however,  re- 
sulting in  a fine  spray  or  mist  that  completely  envelops  the 
plant,  it  is  not  so  necessary  to  have  part  of  the  nozzles  ar- 
ranged for  going  sideways  or  at  an  upward  angle.  In  fact,  in  the  latest  type 
of  power  field  sprayers,  there  is  no  attempt  to  hit  the  individual  rows  with  the 
spray.  The  nozzles  are  so  arranged  that  the  entire  area  covered,  some  25  feet  in 
width,  receives  a dense,  foggy  spray  under  high  pressure  which  penetrates  to  all 
parts  of  the  plant  (see  Fig.  224) . The  engine  upon  this  machine  may  be  used  to 
operate  other  portable  farm  machines  such  as  potato  diggers, 
binders,  etc.  There  is  little  doubt  that  the  power  sprayer 
will  replace  the  traction  sprayer  for  field  operations,  where 
planting  is  done  on  a large  scale. 

Hand-power  sprayers.  The  hand-power  sprayers, 
while  not  practical  for  work  on  a large  scale,  are,  however, 
of  the  greatest  use  for  taking  care  of  small  patches  of  truck 
of  various  kinds,  garden  crops,  and  fruit  trees,  for  home  use, 
and  the 
__  ings  . A 

Fig.  233.  To  which  an  ex- 
tension rod  can  be  attached 

wear  out  within  a few  years,  not  from  use,  but  from  neglect. 


There  are,  in  general,  4 types  of  these  small 
sprayers:  (1)  the  bucket  or  ordinary  force 
or  suction  pumps;  (2)  the  barrel  sprayers 
which  are  very  similar,  on  a little  larger  scale, 
but  are  of  large  enough  capacity  to  be  of 
practical  use  for  commercial  field  crops  or  for 
orchards  of  small  acreage;  (3)  the  knapsack 
sprayers,  which,  while  of  small  capacity,  are 
readily  portable  and  are  useful  in  small  market 
gardens  and  about  the  place  generally;  and 
(4)  compressed-air  sprayers,  which  cover  the 
same  field  as  the  knapsack  type,  but  are,  in 
many  ways,  more  convenient,  as  they  are 
easier  to  carry,  will  not  slop  over,  and  furnish 
a spray  under  higher  pressure  more  completely 
under  the  control  of  the  operator. 

A more  recent  modification  of  the  barrel 
type  is  the  small  portable  tank  sprayer,  which 
has  as  wide  a range  of  use  as  the  knapsack 
and  compressed-air  types  with  a much  greater 
capacity.  This  type  has  proved  the  efficiency 
of  its  work  and  become  popular  very  rapidly. 
It  fills  a long-existent  definite  need  of  the 
smaller  grower,  who  has  wanted  a sprayer 
that  could  be  transported  conveniently  by 


hand  and  yet  have  enough  capacity  to  be  of 
practical  use  for  commercial  work.  Some 
sprayers  of  this  type  have  been  equipped 
with  traction  drives  from  the  front  wheel 
and,  under  good  conditions,  are  practical  for 
field  work. 

For  the  very  small  place,  for  use  in  the  green- 
house and  frames, 
and  where  a few 
hens,  or  a cow  or  two 
are  kept,  the  simple 
small  hand  sprayer, 
with  glass  or  brass 
tanks,  with  a capacity 
for  a quart  or  so  of 
spray  material  are  of 
real  service;  with 
these,  as  with  any 
spraying  equipment, 
however,  it  decidedly 
pays  to  get  the  best. 

There  are  very  many 
of  these  small  sprayers 


on  the  market  verv  ^“P  ** bu?" 

on  tne  marnet,  very  ct  outfit  « satisfactory  for 

fiimsily  made  Of  tin  work  on  a small  scale. 


Fig.  234.  With  a good 
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and  solder  that  will 
go  to  pieces  almost 
before  you  can  get 
them  home  from  the 
store.  There  are  a 
few,  however,  that 
are  more  substan- 
tially made,  and,  if 
used  with  care,  will 
give  years  of  service. 
Theyjwill  cost  two  or 
three  times  as  much 
as  the  makeshift 
affairs  that  are  usual- 


na  Z35.  The  smallest  iv  fnr  nolo 

type  of  outdoor  sprayer  for  P Ottered  lor  sale, 
either  wet  or  dry  preparations.  DUt  are  well  WOrtu 


not  only  the  difference  in  price,  but  any  trouble 
one  may  have  in  hunting  them  up  when 
one  is  ready  to  buy.  The  best  of  these 
sprayers  have  2 nozzles,  with  one  of  which 
the  under  sides  of  the  leaves  of  vegetables 
or  ornamental  plants  may  be  reached.  It 
is  often  worth  while  to  have  a little  sprayer  of 
this  kind  on  hand,  even  on  a large  place,  for 
occasional  use  and  to  give  prompt  attention 
to  the  first  insects  which  may  appear  before  it 
would  pay  to  spray  the  entire  crop.  Around 
the  lawns  and  borders  such  an  implement  is 
especially  effective  since  even  the  children  can 
operate  it.  By  keeping  flowers,  vines,  and 
shrubs  free  from  insects  and  disease  one  gives 
added  protection  to  the  farm  crops  as  well. 


Equipment  for  Dusting  or  Dry-Spraying 

Within  the  last  few  years,  the  application  of  spray  materials  in  the  form  of 
dust  or  powder  has  been  developed  very  considerably  and  is  now  being  used  by 
many  large  commercial  growers  m place  of  the  wet  sprays.  The  saving  in  trans- 
portation, and  in  the  application  of  these  spray  materials  is,  of  course,  very  con- 
siderable. The  gains  now  being  made  by  this  method,  in  actual  field  practice, 
are  due  both  to  the  advances  in  the  chemical  preparation  of  the  spray  material, 
and  to  the  equipment  for  applying  it.  It  is  perhaps  too  early  to  predict  that 
the  dry  or  dust  sprays  will  replace  wet  spraying  to  any  great  extent,  but  such 
may  quite  possibly  be  the  case.  In  orchard  work  the  dust  spray  has,  in  many 
instances,  proved  as  satisfactory  as  the  wet,  in  controlling  the  codlin  moth:  in 
general  it  has  been  less  successful  against  scab.  As  late  as  1918  the  cost  of 
/lust  spraying  was  considerably  the  larger.  Any  one  who  is  buying  new 
spraying  equipment  will  do  well  to  investigate  carefully  the  possibilities  of  this 
method  for  the  crops  and  the  conditions  he  has  to  deal  with.  Many  of  those  who 
have  changed  to  the  dry  system  seem  to  feel  that  they  are  getting  just  as  good 
crop  protection  as  formerly  at  very  considerably  less  cost  per  acre.  The  prin- 
ciple, of  course,  is  not  new,  and  this  kind  of  spraying  has  given  good  results  on 
small  areas  for  many  years. 


Fig.  236.  Four-row  traction  dust  spray  machine, 
convenient  and  highly  efficient  under  certain  conditions 
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IN  1915,  after  a careful  investigation,  an  engineering  authority  of  national 
prominence  estimated  that  the  power  supplied  by  horses,  mules,  windmills, 
steam  and  gas  tractors,  and  gas  engines  on  farms  amounted  to  23,905,000  horse- 
power. This  total,  compared  with  figures  taken  from  the  last  census,  represents 
5,149,714  more  horsepower  than  was  then  being  used  by  all  the  manufacturing 
enterprises  in  the  country!  This  suggests  what  power  on  the  farm  means. 
Yet  it  is  only  a partial  suggestion,  for,  in  the  first  place,  it  leaves  out  all  water-  and 
electrical-power  plants;  and,  in  the  second  place,  the  use  of  power  on  farms  has 
increased  tremendously  even  since  the  above  estimate  was  made. 

The  chapters  that  make  up  this  part  of  Farm  Knowledge  undertake  to  ex- 
plain some  of  the  principles  of  power  and  its  application  to  farm  needs;  and  also 
to  describe  some  of  the  means  by  which  it  can  be  created  and  utilized  to  increase 
the  farmer’s  efficiency,  his  productive  ability,  and  his  chances  for  success.  What 
he  has  already  done  in  this  direction  has  helped  greatly  to  increase  the  Nation’s 
per  capita  productions  of  staple  crops,  sufficiently,  indeed,  to  balance  the  steady 
decrease  in  the  number  of  persons  engaged  in  agriculture. 

Yet  even  more  may  confidently  be  expected  in  the  future.  Dr.  B.  T.  Gallo- 
, wav,  of  the  U.  S.  Department  of  Agriculture,  once  said:  “The  farm  of  the  future 
will  so  utilize  modem  labor-saving  devices  and  efficiency  methods  that  human 
labor  will  be  reduced  to  a minimum  and  the  farmer  and  his  children  will  have 
time  and  opportunity  for  and  means  of  living  a satisfactory-life.”  Perhaps  the 
following  verses,  published  in  the  Kansas  City  Star,  will  ere  long  express  as 
much  of  truth  as  thev  originally  did  of  humor,  and  refer  as  accurately  to  other 
sources  of  power  as  they  do  to  the  undeniably  versatile  tractor. — Editor. 


The  tractor  on  the  farm  arose 
Before  the  dawn  at  four; 

It  milked  the  cows  and  washed  the  clothes, 
And  finished  every  chore. 

Then  forth  it  went  into  the  field 
Just  at  the  break  of  day; 

It  reaped  and  threshed  the  golden  grain 
And  hauled  it  all  away. 

It  plowed  the  field  that  afternoon, 

And  when  the  job  was  through. 

It  hummed  a pleasant  little  tune 
And  churned  the  butter,  too: 


And  pumped  the  water  for  the  stock. 
And  ground  a crib  of  corn; 

And  hauled  the  baby  round  the  block 
To  still  its  cries  forlorn. 

Thus  ran  the  busy  hours  away. 

By  many  a labor  blest; 

And  yet  when  fell  the  twilight  gray 
That  tractor  had  no  rest. 

For  while  the  farmer,  peaceful-eyed. 
Read  by  the  tungsten  glow, 

The  patient  tractor  stood  outside 
And  ran  the  dynamo. 
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CHAPTER  14 

Power  and 
Power  Machinery  on  the  Farm 

By  R.  P.  Clarkson,  Professor  of  Engineering , Acadia  University , Nova  Scotia,  since  1912, 
and  before  that.  Assistant  Manager , Worcester  (Mass.)  Boiler  Works ; Designer  of  Special  Ma- 
chinery, United  Shoe  Machinery  Co.;  Instructor  in  Mechanical  Engineering,  University  of  Ver- 
mont; Examiner  of  Patents  and  Electrical  Engineering  Expert  for  the  U.  S.  Government ; and  Con- 
sulting Engineer  of  various  engineering  projects , agricultural  and  otherwise,  in  Canada  and  the 
United  States.  Notwithstanding  this  extensive  experience  along  technical  engineering  lines.  Pro- 
fessor Clarkson  has  given  much  time  to  the  study  of  the  application  of  mechanical  and  engineering 
principles  and  methods  to  practical  agriculture.  He  has  spent  a good  many  summers  on  farms 
and  for  a number  of  years  has  answered  engineering  inquiries  from  readers  for  the  “Rural  New 
Yorker .”  He  has  also  contributed  many  papers  to  other  farm  journals  and  is  the  author  of  “Prac- 
tical Talks  on  Farm  Engineering  ”*  Consequently  his  contributions  to  “Farm  Knowledge”  reflect 
an  understanding  of  just  what  farmers  want  to  know  and  in  just  what  form  they  want  to  have  their 
questions,  answers  or  unfamiliar  subjects  presented  to  them. — Editor. 

Some  Mechanical  Terms  and  What  They  Mean 

SUCH  terms  as  energy,  work,  and  power  are  so  frequently  used  in  the  following 
chapters  that  a brief  statement  of  their  exact  meaning  is  necessary. 

Energy  is  capacity  for  work  or  ability  to  do  work.  Coal  has  stored-up  energy 
— capacity  for  doing  work  by  heating  water  and  changing  it  to  steam  by  means  of 
which  huge  engines  may  be  operated.  Gasoline,  gunpowder,  dynamite,  the 
wound-up  spring  of  an  alarm  clock — all  have  the  same  stored-up  energy  ready  for 
use  when  released.  This  type  of  energy  is  called  potential  energy,  the  term  “poten- 
tial” in  this  connection  having  exactly  the  same  meaning  as  when  we  speak  of 
“potential”  life  in  the  tiny  seeds  or  the  “potential”  value  of  a great  organization 
or  a great  idea. 

On  the  other  hand,  the  falling  weight  of  a pile  driver,  the  cannon  ball  flying 
rapidly  through  the  air,  the  kick  of  a mule,  the  wind  and  the  swiftly  rusning 
stream  all  have  energy  due  to  motion.  They  represent  tremendous  forces — 
not  stored  up,  but  actually  being  exerted.  This  is  kinetic  energy.  All  potential 
energy  must  become  kinetic  before  it  can  be  utilized,  just  as  a gold  dollar  must 
be  spent  before  it  is  of  real  value.  Stored  in  the  pocketbook  it  represents  “po- 
tential” buying  energy,  but  it  cannot  purchase  anything  until  actually  put  into 
circulation. 

Work  is  done  only  by  expending  energy.  Lifting  a weight,  hauling  a loaded 
cart,  the  action  of  the  brakes  in  bringing  an  automobile  to  a stop,  the  action  of 
steam  or  of  the  gasoline  explosion  on  an  engine  piston — each  of  these  represents 
the  effect  of  a force  acting  through  a distance.  While  we  ordinarily  say  and  as- 
sume that  work  is  done  whenever  effort  is  put  forth,  technically  and  in  the  sense 
of  the  following  chapters,  there  must  be  motion  when  work  is  accomplished.  The 
force  acting  must  act  through  a distance.  If,  for  example,  a horse  pulled  strenu- 
ously on  a load  without  moving  it,  he  might  exhaust  himself  through  the  effort 


• Doubleday,  Page  and  Co.,  Garden  City,  N.  Y.  $1.20  net. 
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put  forth,  yet  in  the  tech- 
nical sense  no  work  what- 
ever would  have  been 
done.  If  the  load  moves, 
the  work  done  is  the  aver- 
age pull  measured  in  pounds 
multiplied  by  the  distance 
the  load  moves  in  feet.  It  is 
expressed  as  so  many  “foot 
pounds”  of  work. 

Power  is  the  rate  of 
doing  work.  Here  the  ele- 
ment of  time  enters  in.  A 
2-horsepower  engine  will  fill  any  silo  if  you  give  it  time  enough,  but  a 15-horsepower 
engine  will  fill  the  same  silo  in  much  less  time.  The  amount  of  work  done  per 
second,  per  minute,  or  per  hour  measures  the  power  of  any  machine.  Here  is  the 
reason  for  the  difference  in  size  between  the  stationary  farm  engine  and  the 
automobile  engine  capable  of  exerting  the  same  power.  The  stationary  engine 
is  of  slow  speed,  so  that  the  piston  moves  through  a comparatively  short  distance 
in  a minute  and  each  explosion  represents  considerable  force  requiring  large  and 
heavy  construction.  The  automobile  engine,  on  the  other  hand,  is  a high-speed 
machine  with  less  powerful  explosions,  occurring  much  more  often.  Its  piston 
moves  through  a much  greater  distance  in  a minute;  hence  it  may  be  made  small 
and  light.  Both  engines  do  the  same  amount  of  work  in  a minute,  if  operating 
at  the  same  horsepower,  only  the  smaller  engine  does  a little  at  a time  and  does  it 
oftener. 


Fig.  237.  Pulleys  enable  us  to  do  heavier  work  than  we  otherwise 
could,  but  the  greater  the  gain  in  force  the  greater  the  loss  in  time 
and  distance.  Thus  in  a,  a 5-pound  pull  will  lift  a 10-pound  weight,  but 
10  feet  of  rope  will  have  to  be  pulled  to  lift  it  5 feet;  in  b the  pull  and 
weight  are  equal,  the  pulley  being  merely  a convenience;  in  c a pull  of 
10  pounds  will  lift  70;  in  a a pull  of  10  pounds  will  lift  60;  in  e a 4- 
pound  pull  will  lift  16. 


Work,  as  mentioned  above,  is  measured  in  foot  pounds.  Multiply  the  force 
in  pounds  by  the  distance  in  feet  through  which  it  acts  and  the  result  is  the  work 
done.  In  raising  a weight  of  12  pounds  2 feet  from  the  ground,  the  work  done 
is  24  foot  pounds.  If  the  average  total  pressure  of  steam  on  the  piston  of  a steam 
engine  is  500  pounds  and  the  length  of  the  stroke  is  2 feet,  1,000  foot  pounds  of 
work  are  done  every  stroke.  If  there  are  150  strokes  per  minute,  the  work  done 
per  minute  by  the  steam  on  the  piston  would  be  150,000  foot  pounds. 

Power  is  measured  by  the  amount  of  work  done  per  minute,  the  unit  being 
33,000  foot  pounds  per  minute  or  1 horsepower.  This  number  33,000  is  merely  an 
accepted  standard  and  does  not  represent  the  power  of  an  average  horse,  although 
at  one  time  it  was  thought  to  do  so.  In  the  engine  spoken  of  above,  the  work  done 
per  minute  by  the  steam  on  the  piston  is  150,000  foot  pounds.  As  33,000  foot 
pounds  per  minute  represent  1 horsepower,  this  engine  has  an  input  of  a little 
more  than  41  horeepower  (150,000  divided  by  33,000  equals  4A^). 

Some  of  the  input  (total  power)  of  every  machine  is  used  in  running  the  ma- 
chine itself,  laigely  in 
overcoming  friction  and 
in  moving  heavy  parts. 
For  example,  in  the  en- 
gine above  probably  1 
horsepower  is  required 
out  of  the  41  to  operate 
the  engine.  Theremain- 
b — e — — — . ing  31  horsepower  would 

be  available  for  opera- 

Fig.  238.  Types  of  pulley  combinations.  In  a,  a pull  can  lift  three  times  ting  a sawmill  a silage 
itself;  in  b,  six  times  itself;  in  c,  five  times  itself;  in  d,  seven  times  itself;  and  in 

weight  times  itself.  cutter,  a pump  o r any 
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other  piece  of  machinery  around  the  farm.  Thus  the  engine  is  not  100  per 
cent  efficient.  The  engine  gives  the  value  of  only  3£  horsepower  output  for 
every  4§  horsepower  input  and  has  an  efficiency  of  nearly  78  per  cent,  which 
is  found  by  dividing  the  output  by  the  input  (3  j divided  by  4 j equals  .78  mul- 
tiplied by  100  equals  78  per  cent). 

Efficiency  of  machines.  No  machine  known  has  100  per  cent  efficiency. 
Every  machine  has  to  have  more  power  put  into  it  than  it  delivers,  whether 
water  wheel,  electric  generator,  steam  engine,  potato  digger,  pump,  or  other  ap- 
paratus. Some  machines  are  more  efficient  than  others,  usually  because  of  bet- 
ter design  and  better  workmanship,  not  because  of  any  difference  in  the  process 
which  goes  on  within  the  machine.  Some  processes  are  extremely  inefficient,  and 
so  we  think  of  the  machine  itself  as  being  inefficient.  An  instance  is  the  steam 
engine.  Without  doubt  80  to  90  per  cent  of  the  power  exerted  on  the  piston  by 
the  steam  is  delivered  to  the  driving  pulley;  that  is,  a well-made,  carefully  de- 
signed steam  engine  has  an  efficiency  equal  to  that  of  most  well-constructed  ma- 
chinery. As  a means  of  getting  mechanical  power  out  of  steam,  however,  it  is 
inefficient,  for  the  process  which  goes  on  inside  the  engine  is  astonishingly  waste- 
ful. The  steam  contains  a certain  amount  of  eneigy  when  it  enters  the  engine,  but 
it  still  contains  much  of  that  same  energy  when  it  is  finally  exhausted.  The  en- 
gine is  able  to  use  but  a small  part  of  the  steam’s  energy,  but  what  it  does  take  is 
usually  delivered  with  but  little  loss  to  its  driving  shaft. 

However,  the  efficiency  of  any  machine  is  not  necessarily  the  most  important 
factor  in  its  value  or  importance.  Many  machines  could  be  made  more  efficient 
by  refining  them;  but  the  refinements  would  cost  so  much  that  the  added  value 
of  the  output  would  be  much  less  than  the  interest  charge  against  the  investment. 
The  real  desirability  of  any  machine  must  take  into  account  both  its  cost  and 
its  efficiency,  and  a nice  balance  between  the  two  must  be  preserved.  In  most 
cases  dealing  with  farm  machinery  and  power,  the  first  cost  as  well  as  the  operat- 
ing expense  is  a deciding  factor.  Increased  efficiency  at  extremely  high  cost  is  de- 
sirable only  in  rare  instances. 


Simple  Machines  for  Increasing  the  Power  of  Men  and  Animals 

The  work  that  a man  can  do  armed  only  with  a simple  machine,  such  as  a 
crowbar,  a winch,  a block  and  tackle,  or  a lifting  jack,  is  surprising  to  people  not 
familiar  with  these  tools.  It  is  quite  true  that  a man’s  strength  cannot  be  in- 
creased by  these  machines  nor  by  any  form  of  machinery.  He  can  do  only  just 
so  much  work  anyway;  but  various  devices,  including  levers,  pulleys,  inclined 
planes,  etc.,  enable  him  to  exert  his  force  in  such  a way  that  it  is  multiplied. 
Tests  have  shown  that  a well-developed  man  can  deliver  about  one  eighth  horse- 


Fig.  239.  A stump  puller  worked  on  the  horse-sweep  principle  illustrates  the  use  of  both  the  lever  and  the 

pulley  or  windlass 
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The  upper  picture  shows  what  sometimes  has  to  be  done;  this  one  shows  what  inventive  genius 
and  mechanical  skill  have  developed  for  use  under  more  favorable  conditions 

Man  Power  Is  no  Longer  the  Most  Abundant  and  Cheapest  Form  for  Farm  Use.  It 
Must  Be  Conserved  in  Every  Possible  Way 

155 


Digitized  by  v^.  ooQie 


Natural  power,  such  as  that 
from  wind,  water,  and  the  heat  of 
the  sun,  is  the  most  abundant,  but 
not  always  the  cheapest  or  most 
efficient. 


Horse  power  is  reliable,  flexible  under  varying  conditions  and  does  not  require  mechanically 
trained  operators.  Its  greatest  disadvantage  is  ils  overhead  cost 

The  Farmer’s  Power  Supply  Is  Safeguarded  by  the  Fact  That  if  His  Engines  Break 
Down  He  Can  Fall  Back  on  Natural  Sources  in  the  Emergency 
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power  continuously,  but  that  for  a minute  or  two  he  can  put  forth  something 
more  than  half  a horsepower. 

Suppose,  for  example,  he  develops  one  fifth  horsepower,  that  is,  does  6,600 
foot  pounds  of  work  per  minute  on  a machine,  say  on  a lifting  jackscrew.  The 
jackscrew  does  no  more  work  on  its  part  than  he  does.  However,  the 
man  may  exert  a force  of  only  66  pounds  through  a distance  of  100  feet  in  push- 
ing the  bar  around,  while  the  jackscrew  may  raise  the  weight  on  it  only  2 
feet,  in  which  case  it  will  have  lifted  with  a force  of  3,300  pounds — far  more  than 
the  man  could  have  exerted.  The  object  of  the  jackscrew,  the  crowbar  and 
other  similar  helps  is,  then,  to  multiply  the  force  that  can  be  exerted  on  any  ob- 
ject; in  such  a case  the  distance  through  which  such  object  can  be  moved  in  a 
given  time  is  always  less  than  if  the  force  could  be  applied  directly. 


The  lever.  Suppose  a large  stone  is  to  be 
moved.  It  cannot  be  lifted  directly  and  a 
crowbar  is  necessary.  This  is  put  in  the  posi- 
tion shown  in  Fig.  240  with  the  fulcrum 
placed  just  as  near  the  load  as  possible. 
Why?  Because,  as  a ' result,  less  force  is 
required  to  lift  the  load.  The  work  done  by 


Fig.  240.  How  the  lever  works 


the  man  at  one  end  of  the  bar,  that  is,  the 
force  he  exerts  times  the  distance  through 
which  it  is  exerted  is  the  same  as  the  weight 
lifted  times  the  distance  through  which  it  is 
moved,  just  as  in  the  case  of  the  jackscrew. 
The  nearer  the  fulcrum  is  to  the  load,  the 
longer  the  sweep  moved  through  by  the  man 
and  the  shorter  the  distance  the  load  is 
moved.  In  the  same  proportion,  however, 
the  load  moved  is  greater  than  the  force 
exerted. 

The  inclined  plane  in  many  forms  is  also 
a machine  with  which  we  can  perform  a 
task  which  would  be  too  much  for  us  unaided. 
Very  few  of  us  could  roll  a barrel  of  sugar 
right  up  the  side  of  a building  (from  A to  B, 
Fig.  241),  but  most  of  us  could  roll  it  up  a 
slope  (as  from  C to  B)  if  it  were  not  too 
steep.  In  either  case  the  same  amount  of 
work  is  required;  but  in  the  first  case  a large 
force  must  be  exerted  through  a short  dis- 
tance (A  B),  while  in  the  second  the  distance 


» • 


FIG.  241.  The  inclined  plane  and  what  it  does.  (See  text) 


is  greater,  but  the  force  required  is  corre- 
spondingly less.  In  most  cases,  distances 
over  which  to  work  are  practically  unlimited 
whereas  our  strength  is  decidedly  limited. 

Another  way  of  lifting  the  barrel  would  be 
by  means  of  a lifting  jackscrew  as  already 
described  above.  In  fact,  this  machine  is 
merely  an  adaptation  of  the  inclined  plane. 
To  show  this,  cut  out  of  a sheet  of  paper  a 
3-sided  figure  representing  an  inclined  plane. 
Wrap  this  paper  around  a lead  pencil  or  broom 
handle  (Fig.  242),  so  that  the  edge  B C lies 
along  the  pencil  and  the  edge  A C overlaps 
itself.  The  edge  AB  now  forms  a screw 
thread  around  the  pencil  just  like  the  winding 
thread  on  a jackscrew.  If  you  cut  the  paper 
so  that  the  distance  A to  C is  just  equal  to 
the  distance  around  the  broom  handle,  then 
BC  is  just  equal  to  the  “ pitch”  of  the  thread. 


that  is,  the  distance  the  screw  moves  up  or 
down  in  making  1 revolution.  Operating  a 
jackscrew  is,  therefore,  like  pushing  a load  up 
an  incline— the  less  the  slope,  the  easier  the 
task.  In  I choosing  a jackscrew,  then,  re- 
member that  the  less  the  pitch  for  any  given 
diameter  and  the  greater  the  diameter  for 
any  given  pitch,  the  easier  the  jackscrew  will 
operate  under  a load,  because  the  shorter 
BC  is  compared  with  AC,  or  the  longer  AC 
is  if  BC  is  unchanged,  the  less  the  incline 
or  slope  of  AB.  Further  ease  is  obtained  in 
operating  a jackscrew  by  using  a long  bar  as 
a handle,  since  this  makes  use  of  the  leverage 
principle,  as  discussed  in  the  case  of  the  crow- 
bar above. 
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Fig.  ^43.  Simple  pulley 


Pulleys.  With  a se- 
ries of  pulleys  known 
as  a block,  a tackle,  or 
sometimes  as  a block 
and  tackle,  similar  prin- 

X’  m are  involved. 

ost  unlimited  mul- 
tiplication of  force  is 
possible  by  increasing 
the  number  of  pulleys. 
A rope  passed  over  a 
single  pulley  and  pulled 
on  one  end  will  exert  a 
similar  pull  on  the  other 
(Fig.  243).  To  balance 
a 10-pound  weight  (W)  a pull  or  force  at  P of 
10  pounds  is  needed.  It  makes  no  difference 
whether  a pull  of  10  pounds  is  applied  at  P or 
a weight  of  10  pounds  is  hung  there— in  either 
case  the  weight  (W)  is  balanced.  Then  the 
hook  (A)  supports  20  pounds  with  both  weights 
on,  and  this  strain  would  still  be  20  pounds 
if  a 10-pound  pull  were  substituted  for  the 
weight  (W). 

This  suggests  a way  of  multiplying  force. 
Suppose  a horse  can  pull  200  pounds.  Then 
if  we  hitch  up  our  single  pulley  as  shown  in 
Fig.  245,  with  the  supporting  hook  (A) 
hitched  to  a load,  the  stump  S (corresponding 
to  W in  Fig.  243)  will  exert  a force  of  200 
pounds,  the  horse  will  exert  a pull  of  200 
pounds  and  we  will  be  moving  400  pounds. 
For  every  foot  the  load  moves,  however,  the 
horse  must  move  2 feet,  taking  up  a foot  of 
rope  on  each  side  of  the  pulley.  Again,  in 
exerting  a large  force 
through  a short  dis- 
tance a lesser  force 
has  to  be  exerted  for 
a greater  distance. 

A series  of  pulleys, 
either  separate  or, 
more  often,  in  a single 
or  double  block,  is 
used  for  the  same 
purpose— that  of  let- 
ting a small  force,  act- 
ing through  a long 
distance,  move  a 
large  force  over  a 
correspondingly  small 
distance.  In  Fig. 

244  (in  which  the 
pulleys  in  each  block 
could  just  as  well 
have  been  side  by  side 
instead  of  one  below 
the  other),  a force  of  P 
pounds  is  being  ex- 
erted on  the  rope. 

Then  every  part  of 
the  rope  pulls  on 
each  block  with  a 
force  of  P pounds, 
whether  P equals  10 
or  100.  The  lower 


block  (A)  is  pulled  on  by  4 ropes  so  the 
whole  pull  on  it  is  4P  and  this  is  the  load  it 
will  hold.  If  the  pull  (P)  on  the  rope  is  100 
pounds,  then  the  pull  on  the  lower  block  will 
be  400  pounds.  The  upper  block  (B)  has 
6 ropes  (SI,  2,  3,  4,  5)  each  pulling  P pounds 
on  it,  or  all  together  pulling  5P  pounds.  If 
the  upper  one  is  held  fast,  the  lower  block 
will  move  only  1 foot  for  each  4 feet  the  end 
of  the  rope  is  pulled;  if  the  lower  block  is 
fastened,  the  upper  one  will  move  only  1 foot 
for  each  5 feet  the  end  of  the  rope  is  pulled. 

The  author  is  familiar  with  a tremendous 
job  of  land  clearing  done  very  rapidly  by 
means  of  a rig  like  this.  The  block  A was 
anchored  to  a large  stump,  the  end  of  the 
rope  hitched  to  an  automobile,  and  the  block 
B fastened  to  a whole  group  of  young  saplings, 
which  were  yanked  out  of  the  ground  at  a 
very  satisfactory  rate.  Of  course,  horses 
could  be  used  in  place  of  an  automobile,  but 
less  speed  would  be  obtained  in  clearing. 

The  wheel  and  axle,  especially  in  the  form 
of  a winch,  a capstan,  a horse  sweep  (Fig.  239) 
or  a treadmill,  involves  the  same  principle 
as  the  lever.  A leverage  is  obtained  where- 
by a small  force  works  through  a long  distance 
and  in  course  of  time  accomplishes  a large 
task.  The  horse  sweep  is  made  for  any  num- 
ber of  horses,  even  12  or  15  being  sometimes 
employed.  It  is  not  very  efficient,  although 
satisfactory  as  a cheap  method  of  getting  a 
small  amount  of  power  for  a considerable 
period. 

A treadmill  is  more  frequently  used  to  get 
power  from  animals.  It  consists  of  an  endless 
apron  carried  over  2 cylinders  and  sup- 
ported by  rollers  on  a platform,  the  arrange- 
ment resembling  a belt  over  2 long  pulleys. 
A shaft  passes  through  one  cylinder  and  from 
this  power  is  taken  to  the  machine  operated, 
either  directly  or  through  Delta  or  gears. 
In  such  a treadmill  the  work  done  is  the  force 
exerted  by  the  home  in  lifting  a portion  of  his 
weight  up  the  incline.  The  power  developed 
depends  on  the  slope  of  the  tread,  the  speed 
with  which  the  horse  moves,  and  the  friction 
of  the  machine  (which  is  lessened  as  far  as 
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possible  by  careful  and  complete  lubrication). 
For  best  efficiency  and  continuous  action 
the  horse  should  not  travel  faster  than  2 or 
2$  miles  per  hour.  The  slope  of  the  tread- 
mill should  not  be  greater  than  1 in  4 (1  foot 
rise  for  every  4 feet  of  length)  and  this  is 
very  likely  to  overwork  a horse  unless  care 
is  taken  to  keep  him  at  it  for  only  a short 
time.  A slope  of  1 in  6,  or  1 in  8 will  enable 
an  average  horse  to  work  a reasonable  day 
without  becoming  overtired. 

At  a slope  of  1 in  8,  a horse  lifts  one  eighth 
of  his  weight  and  transmits  this  force  to  the 
apron  at  the  rate  he  walks.  If  he  weighs 
1,200  pounds  and  walks  2 miles  an  hour 
(176  feet  a minute),  he  does  X 176 
= 26,400  foot  pounds  of  work  per  minute 
and  so  delivers  four  fifths  norsepower 
continually.  This  is  about  the  maximum 
rate  at  which  a horse  of  this  weight  should 
be  worked  for  any  continuous  period.  Twelve- 
hundred-pound  horses  have  been  known  to 
deliver  3 and  4 horsepower  for  short  periods, 
while  in  a very  brief,  horizontal  pull  a 1,600 


Fig.  246.  In  this  homemade  power  plant  the  dog 
continually  ascends  an  inclined  plane;  but  this,  being 
movable,  exerts  a lever  action  around  the  axis  of  the 
i wheel  the  motion  of  which  is  conveyed  to  the  grindstone 
by  the  rope  belt. 

pound  horse  has  been  known  to  exert  an 
effort  greater  than  his  own  weight.  The 

Eroportion  of  the  power  delivered  by  the 
orse  available  for  useful  work  depends  upon 
the  efficiency  of  the  machine;  in  most  cases 
it  should  be  from  60  to  80  per  cent. 


Power  Machinery  on  the  Farm 

The  great  change  in  the  condition  of  life  throughout  the  country  during  the 
past  century  has  been  due  in  a large  measure  to  the  substitution  of  power  and 
machinery  for  hand  and  animal  labor.  The  growth  in  population  and  wealth  is 
due  mainly  to  this  cause.  Starting  with  the  invention  of  spinning  and  weaving 
machinery,  followed  successively  by  the  steam  engine  to  furnish  power  and  trans- 
portation means  and  methods  to  suit  the  changed  conditions,  every  step  has 
seemed  to  bring  together  and  bind  more  closely  the  various  sections  of  the  coun- 
try, to  promote  the  standard  of  existence,  and  to  make  possible  the  great  demo- 
cratic movements  of  the  age.  No  better  example  could  be  given  of  the  results 
of  power  substitution  on  existing  conditions  than  the  influence  of  the  invention 
and  marketing  of  the  automobile  and  its  effect  upon  the  life  of  the  farming  com- 
munity. Distance  is  removed,  the  country  is  but  a part  of  the  town,  and  all 
residents  of  the  county  are  neighbors  and  ready  to  join  in  the  many  neighbor- 
hood and  community  movements,  whether  for  commercial,  industrial,  or  social 
betterment. 

Choosing  and  Purchasing  Machinery 

Recognizing  the  value  of  power  machinery,  the  problems  which  present 
themselves  are:  (1)  What  are  the  main  functions  or  purposes  of  machinery? 
(2)  What  machinery  will  best  serve  me?  and  (3)  What  can  I afford  to  buy?  An 
understanding  of  the  true  function  of  power  machinery  is  a real  aid  in  any  proper 
purchasing  decision.  All  power  machinery  does  1 of  4 things:  (1)  it  saves  time  in 
accomplishing  certain  results,  usually  by  permitting  the  application  of  greater 
force  or  by  allowing  force  to  be  applied  in  a more  efficient  manner;  (2)  it  saves 
effort  or  force,  usually  at  the  expense  of  time;  (3)  it  saves  cost,  usually  by  per- 
mitting the  use  of  less  expensive  sources  of  force  or  less  expensive  materials;  or 
(4)  it  saves  neither  time,  force,  nor  cost,  but  accomplishes  the  desired  result  in  a 
neater,  better,  or  more  desirable  way  than  that  possible  with  hand  labor. 

The  real  value  of  power  machinery.  We  are  all  too  apt  to  measure  the  value 
of  new  apparatus  by  immediate  returns  to  us  in  dollars  and  cents.  Nothing  is  so 
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certain  as  this  to  narrow  our  view- 
point and  hinder  our  progress.  A 
saving  of  time  in  accomplishing  a cer- 
tain object  may  or  may  not  result  in  a 
saving  of  cost,  but  frequently  it  will 
make  all  the  greater  the  enjoyment  of 
what  one  has.  A saving  in  force  may 
not  result  in  a direct  saving  in  money; 
but  if  it  makes  things  easier  to  do,  it 
makes  possible  the  doing  of  more  things 
or  the  greater  enjoyment  of  life  while 
those  things  are  being  done.  If  the 
end  accomplished  is  in  any  way  better 
or  more  desirable  than  that  which  could  be  attained  without  power,  it  is  worth 
while  and  should  not  be  at  once  condemned  because  of  its  greater  cost. 
Not  only  is  the  thing  worth  doing  surely  worth  doing  well,  but  the  care  and  de- 
sire to  do  the  thing  well  has  a much  deeper  effect  than  can  be  measured  by  mere 
material  standards. 

The  real  cost  of  machinery.  In  any  purchase,  several  questions  must  be 
taken  into  consideration.  In  regard  to  the  purchase  price:  (1)  Does  the  price 
asked  include  all  necessary  attachments  or  accessories  required  to  get  the  full 
benefit  of  the  machine?  (2)  Is  the  machine  better  than  some  cheaper  competing 
machine,  or  is  it  merely  different  or  fitted  with  nonessential  additions  which  the 
cheaper  machine  lacks?  (3)  If  the  machine  is  guaranteed,  just  what  good  is  the 
guarantee;  does  it  mean  that  defective  parts  will  be  replaced  free,  or  that  the 
machine  may  be  returned  and  the  purchase  price  refunded  if  the  machine  is  not 
satisfactory;  and  is  the  guarantee  for  a long  enough  period  so  that  the  machine 
may  be  tried  out  under  varying  conditions?  (4)  Win  the  machine  prove  worth 
the  purchase  price?  In  answering  this  last  question  you  must  consider  the  re- 
sult to  be  accomplished.  Will  the  machine  do  the  work  you  wish  to  accomplish 
with  some  kind  of  saving? — not  necessarily  some  saving  in  cost,  but  one  either  in 
time,  effort,  convenience,  or  cost. 

Cost  of  machinery  operation.  The  items  of  machinery  operation  are  many. 
There  is  always  the  human  element — the  number  of  attendants  necessary  and, 
sometimes  more  important  yet,  the  degree  of  skill  or  intelligence  required  of  them. 
Obviously,  if  2 laborers  may  be  replaced  by  1 man,  and  that  one  must  be  a highly 
skilled  mechanic,  hard  to  get  in  the  first  place,  and  requiring  a salary  away  out  of 
proportion  for  the  work  desired,  the  apparent  saving  in  attendance  is  not  at  all 
real.  On  the  human  side,  4 things  must  be  considered:  (1)  How  many  men  are 
required?  (2)  What  degree  of  skill  or  intelligence  is  required?  (3)  How  easy  is  it 
to  secure  men  of  the  required  standard  in  the  locality  and  at  the  times  when  the 
work  is  to  be  done?  (4)  To  what  extent  will  any  other  help  or  operations  be  af- 
fected? 


Fig.  247.  The  treadmill  (see  also  sketches  at  head 
of  chapter)  is  a further  adaptation  of  the  inclined  plane 


Outside  of  the  human  element,  there  are 
3 things  to  be  taken  into  account:  (1)  the 
material  required  for  the  machines;  (2)  the 
auxiliary  machinery  necessary;  (3)  the  de- 
terioration or  depreciation  in  the  machine  as 
affected  by  its  method  of  operation,  fool- 
proofness, complicated  nature,  and  materials 
of  construction.  The  materials  required 
for  operation  will  come  under  the  heads  of: 
(a)  lubricants,  (b)  substance  operated  on, 
(c)  waste,  (d)  fuel,  and  (e)  upkeep  material, 


such  as  paint  or  other  coating,  wrapping, 
packing,  or  repairing.  For  example,  a water 
pump  will  possibly  require  under  (a)  both  oil 
and  grease.  Under  (b)  it  must  be  considered 
whether  the  pump  is  for  sea  water  or  fresh 
water,  whether  the  water  is  clean  or  sandy 
or  full  of  suspended  matter,  and  whether  it  is 
add  or  injurious  in  any  way  in  its  effect  on 
metals.  Under  (c)  there  would  be  no  con- 
sideration; while  (d)  would  bring  out  the 
method  of  operation,  whether  by  direct  steam 
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action,  by  belted  drive  from  some  other 
source,  or  by  direct  connection  to  an  outside 
motor  or  engine.  Under  (e)  would  be  con- 
sidered paint  for  the  extenor,  packings  and 
washers  for  stuffing  boxes  and  valves,  possi- 
ble protection  against  unusual  temperature 
changes,  possible  duplicate  parts  such  as 
bolts,  washers,  nuts,  valves,  fittings,  oil  and 
grease  cups,  etc. 

The  auxiliary  machinery  necessary  would 
be  for  1 of  3 purposes:  (1)  to  drive  or  supply 
power  to  the  machine  in  question;  (2)  to  be 
operated  by  the  machine  in  question;  or 
(3)  to  supply  some  operating  need  of  such 
machine.  For  example,  the  auxiliary  ma- 
chinery required  for  a mowing  machine  is 
(1)  some  driving  power,  such  as  a horse  or 
tractor,  and  (2)  a grindstone  or  emery  wheel 
to  supply  an  operating  need,  viz.,  the  sharpen- 
ing of  the  knives.  This,  in  turn,  requires  a 
method  of  driving,  a means  of  lubrication, 
and,  usually,  a water  supply  to  the  stone. 

Depredation  of  machinery.  The  deprecia- 
tion of  the  machine  should  not  be  considered 
along  with  its  repair.  Depreciation  is  brought 
about  by  more  than  mere  wearing  out.  An 
automobile,  for  example,  after  running  its  first 
thousand  miles  or  so  should  be  a much  better 


machine,  run  more  smoothly,  have  greater 
speed  and  flexibility,  be  more  easily  handled 
and  better  adjusted 
than  when  new,  and 
yet  its  depredation 
3~  — is  a very  heavy  per- 

centage. Probably 
g no  other  thousand 
# C?  x x & p miles  causes  greater 
0 RvfN/?l  depreciation,  yet  no 

H r trifxi  Pxfl  other  thousand  miles 

U rjj  iV:  does  the  car  more 

(/  " $ good,  if  properly 

handled.  Deprecia- 
GKM/v  tion  really  means 

's/a£'  change  in  selling 

value  under  condi- 

tions  of  forced  sale. 

Fio.  248.  Lacing  a three-  All  farsiehted  men 
inch  belt.  With  grain  side  allow  each  year  for 
down,  pot  one  aid  of  lace  the  depredation  of 

tt^SghNTthen  laSftthS  their  belongings  and 
end  as  follows,  passing  down-  outfits  and,  in  one 
wards  through  the  first  hole,  way  or  another, 
make  arrangements 
v,  R,  T,  s,  Y,  x,  Y,  X,  T,  so  that,  when  re- 
S»U.  quired,  the  machin- 


ery may  be  completely  marked  off  the  books. 
Changes  in  styles  or  fashions,  possible  changes 
in  law  or  in  standards  of  living,  new  inventions 
which  render  the  old  machine  obsolete — the 


knowledge  of  the  possibility  of  any  or  all  of 
these  things  causes  every  prudent  man  to 
charge  up  against  operating  expenses  every 
year  a more  or  less  definite  fixed  percentage 
of  the  value  of  the  machine,  which  is  called 
“depreciation."  This  amount  should  be 
such  that,  if  continued  right  along  through 


Fig.  249.  Lacing  a six-inch  belt.  Fasten  one  end  of 
lace  down  through  C and  up  through  D.  Run  the  other 
(long)  end  alternately  down  and  up  through  holes  B,  C, 
G,  H,  K.  L,  O,  P,  O,  P.  N.  M,  J,l,  J,  ifF.  E,  F,  E,  B, 
C,  B,  and  A.  The  grain  side  runs  on  the  pulleys.  (This 
and  Fig.  248,  from  Farmers'  Bulletin  638) 

the  probable  useful  life  of  the  machine,  the 
whole  sum  charged  up,  together  with  accrued 
interest,  would  be  sufficient  to  replace  the 
machine. 

In  most  cases,  the  depreciation  when  a 
machine  is  new  is  much  greater  than  for  the 
same  machine  when  3 or  4 years  old.  Also, 
the  percentage  depreciation  on  a second-hand 
machine  is  not  so  heavy  as  on  a new  machine, 
not  because  of  the  less  cost,  but  because  of 
that  peculiar  psychology  in  men  which 
causes  them  to  consider  a machine  purchased 
from  the  original  buyer  much  more  desirable 
than  when  purchased  from  the  second  owner, 
yet  there  is  no  choice  whatever  between  the 
second,  third,  and  fourth  owners.  A second- 
hand machine  is  second-hand,  whether  it  has 
changed  hands  once  or  a dozen  times.  This 
is  particularly  true  of  farm  machinery  as  a 
general  rule. 

Repairs.  Repair  of  the  machine,  alto- 
gether apart  from  its  depreciation,  is  a yearly 
item  of  expense.  The  more  complicated  the 
machine,  tne  greater  the  repair  bills  and  the 
more  likely  that  delay  will  occur  because  of 
the  need  for  getting  a skilled  workman  to 
make  the  repair.  The  more  nearly  foolproof 
the  machine  is,  the  less  the  repair  bill,  no 
matter  how  skilled  and  intelligent  the  operator 
may  be.  Repairs  are  affected  in  various 
ways,  for  example,  by  the  nature  of  operation, 
whether  inspection  can  be  made  while  opera- 
tion is  going  on,  whether  quick  shutdowns  can 
be  made  in  emergencies,  and  whether  the 
load  must  be  thrown  on  with  a jerk  or  may  be 
gradually  applied  without  jar.  Last  but 
not  least,  the  materials  of  construction  affect 
the  repair  bills.  Particularly  is  this  true  of 
any  wearing  part,  such  as  a friction  or  rubbing 
surface,  of  any  part  exposed  to  undue  heat, 
and  of  any  part  exposed  to  undue  strain  or 
shock.  Such  parts  should  be  specially  de- 
signed for  their  purpose,  and  the  materials 
specially  chosen  to  meet  the  condition  ex- 
isting. 
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Classification  of  Power  Machinery 

Most  of  the  machinery  used  on  the  farm  is  power  machinery,  particularly 
as  the  tractor  invades  more  and  more  the  province  of  horse  and  cattle.  Yet 
all  farm  machinery  may  be  classified  under,  perhaps,  4 heads:  (1)  machinery  af- 
fecting land  for  crops;  (2)  machinery  affecting  the  care  of  stock;  (3)  machinery 
affecting  the  preparation  of  farm  products  for  market  or  home  consumption; 
and  (4)  machines  affecting  general  living  conditions  on  the  farm.  In  Class  1 
woula  be  placed  the  tractor,  plow,  harrow,  ditch  digger,  etc.;  in  Class  2,  litter 
carriers,  milking  machines,  pumping  apparatus,  sterilizing  machines,  etc.;  in 
Class  3,  wood  saws,  harvesting  machines,  com  shelters,  cold-storage  machines, 
etc.;  and  in  Class  4,  running-water  apparatus,  electric  lights,  heating  apparatus, 
vacuum  cleaners,  dish  washers,  laundry  apparatus,  automobiles,  etc.  Most  of 
these  having  been  discussed  in  other  chapters,  it  will  only  be  necessary  here  to 
treat  of  two  or  three,  such  as  the  power  ditch  digger  and  the  various  pumps. 

The  distinguishing  feature  of  the  modem  farm  is  the  inclusion  in  its  machinery 
of  some  of  the  items  of  Class  4.  The  other  apparatus  is  largely  money-making. 
The  machinery  of  Class  4 does  more  than  make  money:  it  makes  life,  helps  to 
remove  drudgery,  and  brings  an  amount  of  joy  and  happiness  into  the  life  of  the 
farm  housewife  that  is  more  than  desirable — it  is  a necessity,  a right  which  she 
may  properly  claim  as  a copartner  in  the  operation  of  the  farm  as  a business  unit. 


Machinery  for  Crops 

One  of  the  most  important  recent  develop- 
ments in  farming  is  the  growing  adoption  of 
the  farm  tractor  on  the  smaller-sized  farms. 
The  tractor  having  been  treated  in  Chapter 
6 of  Part  I of  this  volume,  only  a few  features 
will  be  mentioned  here.  Some  of  the  advan- 
tages in  particular  may  well  be  recapitulated. 
They  include  the  low  cost  of  maintenance 
when  not  in  use;  possible  24-hour  use  when 
desired;  flexibility  in  operation  in  the  field  or 
for  road  hauling  and  as  a stationary  power 
plant  about  the  farm,  movable  by  its  own 
power;  low  cost  of  operation  per  unit  of  work 
and,  lastly,  elimination,  to  some  extent,  of  the 
labor  demand  at  various  seasons  of  the  year. 

Agricultural  machinery  is  taken  up  in  de- 
tail in  Part  II,  and  the  function  of  this  article 
is  merely  to  call  attention  to  the  different 
types  of  the  same  machine  for  different  pur- 
poses. The  small  farmer  must  not,  and  can- 
not economically,  have  plowB  and  harrows 


each  specifically  designed  for  special  service 
in  some  part  of  his  field.  On  the  other  hand, 
the  big  farmer,  to  achieve  success,  must  have 
this  sort  of  equipment.  Each  must  consider 
all  types;  and,  where  1 or  2 are  sufficient,  the 
right  compromise  must  be  studied  out  from 
an  intimate  investigation  of  all. 

Power  ditching  machine.  A machine  not 
in  wide  use,  but  which  is  extremely  desirable 
where  extensive  ditching  is  done,  is  the  power 
ditch  digger.  There  are  several  types,  all 
different  in  details,  and,  of  course,  in  quality 
of  workmanship.  There  are  2 functions 
which  these  machines  have:  (1)  excavation 
to  required  dimensions,  width,  and  depth; 
and  (2)  the  delivery  of  the  excavated  material 
to  some  point  on  one  side  or  the  other  or  on 
both  sides  of  the  trench.  A necessary  feature 
of  operation  is  the  ability  of  the  machine  to 
propel  itself  forward  as  the  ditch  is  dug.  So 
far  as  the  writer  knows,  in  no  type  of  digging 
machine  is  any  provision  made  for  filling  in 
the  trench,  where  this  is  desired,  it  is  done 
with  horse  shovels,  scrapers,  and 
by  hand  shoveling.  On  the  farm, 
the  ditches  are  more  often  left  open 
for  drainage  and  irrigation  purposes. 

The  excavating  mechanism  is 
frequently  a bladed  wheel  about  10 
feet  in  diameter,  chain-driven,  and 
pivoted  on  the  end  of  an  arm 
which  moves  up  and  down,  hinged 
on  the  main  body  of  the  machine. 
This  up-and-down  adjustment  per- 
mits tne  regulation  of  the  depth 
of  the  trench  and,  also,  a gradual 
start  of  operations  from  the  ground 
surface,  the  wheel  being  fed  slowly 


Fig.  250.  Gasoline-driven,  caterpillar-tread  ditching  machine, 
showing  digging  buckets  around  wheel  at  right,  also  apron  and 
travelers  for  removing  earth  to  side  of  ditch. 
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into  the  ground  to  the  proper 
depth,  and  feed  of  the  wheel 
being  regulated  by  the  pro- 
pulsion of  the  whole  machine 
forward.  An  engine,  mounted 
on  the  body  of  the  machine, 
is  connected  to  a gear  which 
is  in  mesh  with  a jackshaft 
on  which  a clutch  is  mounted. 

This  clutch  is  so  arranged  that 
the  engine  may  be  connected 
through  a chain  drive  to  the 
rear  wheels  to  furnish  power  for 
propelling,  or  to  the  digging- 
wheel,  through  a chain  drive, 
for  excavation,  or  connected  to  operate  both 
wheel  and  propulsion  at  the  same  time. 

The  digging  Dlades  or  shovels  around  the 
circumference  of  the  wheel  are  bucket-shaped 
and  so  located  as  to  retain  the  excavated 
material  until,  in  the  turning  of  the  wheel, 
the  buckets  at  the  top  are  upside  down  and 
the  material  is  dumped  on  to  a canvas  belt 
conveyor  which  passes  through  the  centre  of 
the  wheel.  This  belt  conveyor  is  arranged 
to  dump  the  material  on  either  side  of  the 
wheel,  as  desired.  If  the  material  is  wanted 
on  both  sides,  as  would  be  apt  to  be  the  case 
in  a deep  or  wide  trench,  2 belts,  turning  in 
opposite  directions,  are  used.  The  speed  of 
tne  machine  is  from  a half  mile  to  2 miles 
of  trench  per  day,  the  trench  being  4 or  5 
feet  deep  and  2 or  3 feet  wide  in  one  cut. 

Machinery  Affecting  the  Care  of  Stock 

PUMPS.  Power  pumps  are  properly  placed 
in  Class  2,  as  affecting  the  care  of  stock, 
although,  to  some  extent,  overlapping  class 
4,  if  they  are  used  for  house  water  supply  and, 
perhaps,  Class  1,  when  they  are  used  for 
irrigation  purposes.  They  are  of  3 distinct 
types:  piston,  or  plunger,  pumps;  centrifugal, 
or  turbine,  pumps;  and  rotary  pumps.  The 
differences  between  them  are  in  cost,  speed, 
efficiency,  and  space  required.  Both  piston 
and  turbine  pumps  will  force  water  to  any 
height  met  with  in  practice.  Rotary  pumps 
are  not  good  for  really  high  heads.  While 


Fig.  251.  Diagram  to  show  working  of  single  lift 
samp  {a),  and  force  pump  with  air  dome  to  give  a steady 
low  of  water  (ft). 


Fig.  252.  Three  turbine  water  wheels.  In  A the  water  enters  at 
the  centre,  and  is  directed  by  the  guides  against  the  buckets  of  the  outer 
wheel  which  it  forces  around  before  escaping  at  the  edge;  in  B it  enters 
from  the  edge  and  revolves  the  wheel  inside,  escaping  at  the  centre;  in 
C the  casing  is  shaped  to  make  the  water  act  against  the  buckets  all 
the  way  around,  with  a final  thrust  on  the  interior  buckets  (c)  through 
which  it  escapes. 

piston  pumps  will  operate  at  nearly  the  same 
efficiency  regardless  of  variation  in  speed, 
turbine  pumps  must  operate  at  high  speed 
and  any  variation  causes  a large  change  in 
efficiency.  Constant  or  nearly  constant  speed 
is  desirable. 

Plunger  pumps.  These  are  of  the  same 
type  as  the  usual  hand  pumps.  A piston 
moves  back  and  forth  in  a cylinder,  on  one 
stroke  drawing  in  the  water  through  a check 
valve  and  on  the  next  stroke  forcing  it  out 
through  a similar  check  valve  operating  the 
other  way.  These  check  valves  operate  in 
1 direction  only,  so  that  the  intake  valve  opens 
only  on  the  suction  stroke  and  the  delivery 
valve  opens  only  on  the  delivery  stroke. 
In  a double-acting  pump,  both  sides  of  the 
piston  are  in  operation,  the  stroke  on  one  side 
drawing  in  the  water  through  one  set  of  valves, 
and  the  stroke  on  the  other  side  of  the  piston 
forcing  out  the  water  through  another  set  of 
valves. 

The  speed  of  such  pumps  is  usually  low, 
say  from  40  to  60  revolutions  per  minute  on 
large  pumps,  and  somewhat  more  on  small 
sizes.  The  action  is  positive,  the  water 
being  forced  out  against  any  pressure  that 
the  pump  is  built  to  withstand. 

This  type  of  pump  is  most  efficient,  as  it 
can  be  driven  by  any  kind  of  engine;  but  it  is 
being  very  widely  displaced  by  centrifugal 
and  rotary  pumps  because  of  the  compara- 
tively low  cost  of  the  latter. 

In  some  kinds  of  plunger  pumps,  used  for 
city  waterworks  and  boiler-feed  purposes, 
the  water  plunger  and  a steam  piston  are 
connected  together  on  a single  piston  rod,  and 
the  steam  acts  directly  through  the  pistons 
on  the  water.  This  is  a sort  of  combination 
engine  and  pump;  but  the  steam  is  not  al- 
lowed to  expand  at  all,  only  the  initial  pressure 
being  used.  This  results,  of  course,  in  a 
great  waste  of  steam.  On  this  type  there  is 
no  flywheel,  and  the  speed  can  be  regulated 
very  nicely  by  means  of  the  steam  throttle. 

Another  type  of  direct  pump,  with  flywheel, 
has  a steam  cylinder  arranged  like  a steam- 
engine  cylinder,  expansion  of  the  steam  being 
permitted.  This  is  widely  used  for  elevators, 
boats,  and  condenser  purposes. 

The  ordinary  farm  pump  is  operated  by 
belting  or  gearing  from  some  form  of  separate 
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power  machine  such  as  an  electric  motor, 
gasoline  engine,  steam  engine,  or  water 
wheel. 

Rotary  pumps.  Pumps  of  this  type 
give  about  the  same  efficiency  as  centrif- 
ugal pumps  under  the  same  operating  condi- 
tions. They  may  be  operated  at  low  speed, 
are  fairly  positive  in  their  action,  are  of  low 
cost  as  compared  with  piston  pumps,  and 
take  up  very  much  less  floor  space.  They 
are  objectionable  at  high  speed  because  of  the 
noise  they  make.  As  compared  with  centrif- 
ugal pumps,  they  need  not  be  regulated  so 
closely  in  speed,  a variation  of  100  per  cent 
not  making  much  difference  in  efficiency. 
They  take  up  more  room  than  a centrifugal, 
and  cannot  be  driven  over  700  to  900  revolu- 
tions, even  in  small  sizes. 

A flat,  circular  casing  contains  2 inter- 
meshing impellers,  each  shaped  like  the 
figure  8.  Each  is  on  a separate  shaft,  and  the 
two  turn  in  opposite  directions,  being  geared 
together,  and  the  power  being  applied  to  one 
shaft  only.  The  water  is  drawn  in  at  one 
side  of  the  casing  and  propelled  out  of  the 
other.  A variation  in  speed  changes  the 
amount  of  water  delivered  in  about  the  same 
proportion.  Rotary  pumps  are  used  in  small 
sizes  for  light  duty,  where  a cheap,  depend- 
able, variable  speed,  but  positive-acting  pump 
is  desired.  They  are  used  only  for  force- 
pumping  against  a short  head  or  low  pressure, 
although,  as  ordinarily  constructed,  adaptable 
to  heads  up  to,  perhaps,  50  feet  or  so. 

Centrifugal  pumps.  Centrifugal  and  tur- 
bine pumps  are  very  much  alike,  the  latter 
being  a refinement  of  the  centrifugal  as  regards 
the  elimination  of  cross  currents  in  the  water 
within  the  casing.  There  are  2 essentials 
in  each:  (1)  a casing  of  somewhat  similar 
shape  to  the  rotary  casing,  and  (2)  a single 
impeller  of  such  a shape  as  to  draw  the  water 
through  the  centrally  located  intake  and  force 


Fig.  253.  Spring-equipped  grease  cup  (left);  ordinary 
| grease  cup  in  section  and  on  a bearing  (right) 


it  to  the  circumference  of  the  casing  and  out 
of  the  discharge  opening. 

In  the  centrifugal  pump  the  casing  is  spiral, 
like  a snail’s  shell,  with  the  suction  inlet  at 
the  centre  and  the  full-sized  discharge  opening 
at  the  edge  of  the  main  part  of  the  casing. 
There  is  only  1 impeller,  on  a single  shaft 
turning  at  a high  speed.  The  action  on  the 
water  is  similar  to  that  of  a wagon  wheel 
running  in  a rain-filled  rut  and  throwing  mud 
and  water  off  the  tire  with  considerable  force. 

In  the  pump  the  force  is  directed;  and  a 
single  pump,  properly  designed,  is  capable  of 
raising  water  to  a height  of  several  hundred 
feet  with  an  efficiency  of  over  80  per  cent. 
By  arranging  several  impellers  side  by  side 
in  separate  casings,  1 impeller  is  made  to 
deliver  water  to  that  next  to  it,  and  a greater 
range  of  usefulness  is  developed.  Two,  3, 
and  4 such  impellers  are  frequent,  the  pumps 
being  called  2-,  3-,  or  4-stage  pumps,  as  the 
case  may  be.  A stock  type  of  3-stage  pump  will 
deliver  200  gallons  per  minute  against  a head 
of  750  feet  running  at  2,500  revolutions  per 
minute.  Usually,  however,  the  pumps  are  de- 
signed for  a lift  of  about  125  feet  to  each  stage. 

Centrifugal  pumps  in  their  widest  field  are 
found  raising  huge  quantities  of  water  short 
heights.  For  irrigation  and  drainage  pur- 
poses, they  are  especially  valuable,  single 
units  raising  up  to  100,000  gallons  per  minute 
for  a lift  of  from  4 to  10  feet.  They  may  be 
obtained  in  small  sizes  for  ordinary  farm  use 
and,  where  they  can  be  driven  at  high  and 
reasonably  constant  speed,  they  are  most 
satisfactory  and  by  far  the  cheapest,  lightest, 
and  smallest  pumps  that  can  be  obtained. 
They  are  nearly  automatic  in  action,  having 
no  valves  and  but  few  parts;  their  depreciation 
and  wear  are  thus  reduced  to  a minimum. 
The  cost  of  centrifugal  pumps  runs  from  12 
to  15  cents  a pound  for  the  weight  of  the  pump. 

Air  compressors.  In  many  cases,  the  use 
of  compressed  air  is  very  advantageous. 
In  underground  pneumatic  tank  systems, 
air  compressors  are  almost  essential.  A small 
compressor  for  tire  filling  or  for  blowing  pur- 
poses, where  a blower  or  fan  cannot  be  used 
and  the  jet  of  air  is  substituted,  is  frequently 
very  handy.  These  compressors  are  usually 
low-speed,  they  operate  like  a single-cylinder 
piston  pump,  and  are  dependable.  There 
is  usually  an  unloading  valve,  to  throw  off 
the  load  automatically  when  the  air  pressure 
reaches  any  predetermined  point.  Unlike 
pumps,  air  compressors  must  nave  a water- 
cooling  jacket,  like  that  on  the  gasoline  en- 
gine, Because  the  action  of  compressing  air 
creates  considerable  heat.  Small  compressors 


cost  from  $30  to  $100. 

Care  of  Power  Machinery 


In  all  types  of  pumps,  as  in  other  apparatus,  proper  and  sufficient  lubrication 
must  be  provided.  Lubrication  is  the  one  thing  which  means  a long  life  to  any  mar 
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chine.  Without  it,  most  machines  will 
be  ruined  in  a very  few  minutes  of 
operation  under  load.  It  is  particu- 
larly true  that  the  importance  of  lubri- 
cation be  impressed  on  the  farmer 
operating  power  machinery,  because, 
while  ordinary  farm  machinery  should 
be  well  lubricated  at  all  times,  it  is  not 
usually  built  so  carefully  and  accur- 
ately that  lack  of  lubrication  will  cause 
immediate  disaster.  With  power  ma- 
chinery, however,  the  careful  fitting 
and  adjustment  of  parts,  the  tremen- 
dous forces  called  into  play,  the  very 
high  speeds  usually  called  for,  and  the 
special  materials  used,  all  require  special 
care;  and  the  first  step  in  proper  atten- 
tion is  lubrication. 


Fig.  254.  The  bearings  are  the  centre  of  machine 
efficiency:  a self-aligning  bearing;  b roller  bearing;  c 
plain  bearing;  d ball  bearing  (the  balls  fitting  in  the 
small  openings  in  the  centre  plate);  e split  bearing 
(Ore.  Bulletin,  133). 


Next  to  lubrication,  care  must  be  exercised  by  the  operator  to  keep  all  nuts 
and  bolts  tight.  Large  strains  develop,  and  vibration  occurs  which  rapidly 
loosens  all  parts.  Periodical  inspection  during  operation  and  a thorough  tighten- 
ing after  every  shutdown  is  desirable. 

Bearings.  The  features  of  all  power-operated  machinery  which  should  be 
carefully  looked  into  at  purchase  and  carefully  cared  for  afterwards  are  the  bear- 
ings— the  portions  of  the  machine  which  hold  the  moving  parts  in  place.  They 
are  all  of  plain,  babbitt  or  similar  metal,  roller,  or  ball  type.  The  plain  bearings 
are  usually  carefully  drilled  holes  in  proper  metal  or  hardwood,  the  moving  part, 
which  is  usually  a rotating  shaft,  being  held  in  place  by  the  material.  Such  bear- 
ings must  be  well  lubricated.  The  babbitt  bearing  is  a plain  type  lined  with  soft 
metal,  so  that  the  friction  created  is  very  slight.  These  bearings,  also,  require 
lubrication.  In  both  of  these  types,  the  friction  of  the  shaft  turning  in  the  bear- 
ings is  a rubbing  or  sliding  friction. 

Roller  and  ball  bearings  substitute  rolling  friction  for  the  rubbing  friction 
of  the  other  types.  This  requires  very  much  less  effort  to  overcome  it  and  elim- 
inates a large  part  of  the  friction  in  any  machine.  These  bearings  are  necessarily 
very  well  protected  from  dirt  and  dust,  being  packed  in  grease,  which  not  only 

Erotects,  but  lubricates.  The  main  objection  to  ball  and  roller  bearings  is  their 
igh  cost.  Ball  bearings  are  especially  adapted  for  end  thrust  conditions,  whereas 
roller  bearings  are  used  particularly  for  radial  loads  as  on  axles  and  horizontal 
shafts.  The  diameter  of  the  balls  used  varies  from  a very  small  size  up  to  1 inch 
on  very  heavy  bearings.  The  rollers  used  most  generally  run  from  three  eighths 
of  an  inch  up  to  a half  inch  in  diameter.  The  radial  bearing  in  length  should  be 
from  3 to  4 times  the  shaft  diameter. 


The  difficult  feature  about  all  bearing  settings  is  to  get  perfect  alignment. 
To  aid  in  overcoming  this  difficulty,  a type  of  bearing  called  “self-aligning”  is 
made,  the  main  bearing  box  being  pivoted  in  the  frame  so  as  to  be  slightly  mova- 
ble. 


Machine  materials.  A complete  study  of,  or  even  a complete  glance  at,  the 
multitudinous  materials  used  in  machine  construction  would  fill  many  volumes. 
Steel  and  iron,  with  alloy  metals,  form  the  most  important  group.  Steel  in 
particular  has  received  a great  deal  of  study.  By  combining  very  small  amounts 
of  various  rarer  metals,  such  as  nickel,  tungsten,  and  titanium,  with  steel,  we 
get  a tremendous  increase  in  the  testing  strength  of  the  steel  and  considerable 
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change  in  other  characteristics.  While  ordinary  steel  shows  a strength  of,  say, 
60,000  pounds  per  square  inch,  alloy  steels  show  up  to  200,000  pounds  per  square 
inch  and  sometimes  more.  This  permits  lighter  and  cheaper  construction. 

Steel  differs  from  iron  only  in  its  purity  and  smaller  percentage  of  carbon. 
Cast  iron  is  pig  iron  cast  in  sand  molds.  It  cannot  be  forged  or  welded.  It  is 
used  for  loads  in  compression.  When  a particularly  hard,  difficult  surface  is 
wanted,  part, of  the  mold  is  made  of  iron  in  place  of  sand  and  the  cast  iron  runs 
against  it,  becomes  chilled,  and  the  surface  gets  very,  very  hard. 

Cast  steel  is  cast  iron  with  some  carbon  removed.  It  is  more  dependable  and 
stands  shock  better  than  cast  iron.  Gears  are  frequently  made  from  it. 

Wrought  iron  is  almost  the  pine  metal.  It  is  easily  welded  and  worked. 
Steel  is,  of  course,  easily  worked,  but  is  hard  to  weld  except  by  the  electric-welding 
process. 


Fig.  255.  A portable  wood-sawing  outfit  run  by  a stationary  gasoline  engine.  With  such  a machine  the  farmer 
can  get  out  his  own  lumber  and  often  do  a good  deal  of  profitable  work  for  his  neighbors 
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By  Professor  R.  P.  Clarkson  (see  Chapter  24.)  The  windmill  is  so  familiar  an  object  on 
the  farm  that  its  importance , value,  ana  needs  as  apiece  of  machinery  are  apt  to  be  overlooked  until 
a breakdown  occurs.  At  this  point  the  farmer  may  blame  the  weather , the  mill  itself,  the  makers , etc.; 
or  he  may  have  an  awakening  and  see  himself  and  his  neglect  as  the  real  causes  of  the  trouble.  With 
knowledge  of  just  what  kind  of  a machine  it  is,  what  it  does  and  how  to  care  for  it,  he  might  have  pre- 
vented the  trouble  in  the  first  place  and  also  assured  himself  of  longer  service  from  the  mill . This 
chapter  provides  such  knowledge. — Editor. 

THE  source  of  power  to  which  the  farmer  has  naturally  turned  in  the  past, 
and  to  which  he  still  rightly  clings,  is  the  wind.  For  ages  wind  power  has 
been  employed  to  drive  the  vessels  of  the  sea;  and  for  almost,  if  not  fully,  as  long 
the  windmill  has  been  used  for  grinding  gram.  During  the  last  decade  or  two, 
serious  thought  has  been  given  by  scientists  and  engineers  to  the  project  of  using 
the  force  of  the  wind  indirectly  through  the  novel  form  of  wave  motors.  Wind 
and  falling  water  together  with  the  tides  and  the  heat  of  the  sun  are  the  four  so- 
called  “natural”  sources  of  power  to  which,  in  ever-increasing  degree,  the  minds 
of  the  power  engineers  are  turning.  Undoubtedly,  the  windmill,  even  in  its  most 
highly  developed  form,  is  the  least  efficient  of  all  our  power  apparatus,  while  the 
hydraulic  turbine  is  by  all  means  the  most  efficient  of  our  prime  movers.  Almost 
all  inventions  and  changes  in  design  and  construction  of  our  prime  movers  have 
but  one  aim — the  increasing  of  Cadency.  The  increased  utilization  of  water 
power  and  the  study  which  that  involves  are  responsible  for  the  great  advances 
shown  in  the  modem  turbine  over  the  old  grist  mill  wheel.  The  same  amount  of 
study  has  not,  of  course,  been  devoted  to  the  windmill,  and  as  a result  the  im- 
provement over  the  old-fashioned  Dutch  mill  is  not  great. 

Advantages.  The  value  of  any  source  of  power  to  the  farmer  is  in  direct 
ratio  to  (1)  reliability;  (2)  cheapness  of  installation;  (3)  cheapness  and  ease  of 
upkeep;  (4)  durability;  and  (5)  simplidty.  In  all  these  features,  the  windmill 
stands  well.  It  is  reliable  in  its  action,  and  its  general  average  of  operation  in 
any  locality  is  a thing  easily  ascertained.  It  is  cheap  to  install,  its  cost  depending 
on  what  is  desired.  It  requires  but  little  care,  and  the  upkeep  cost  is  extremely 
low.  Its  life  is  long,  if  reasonable  attention  is  paid  to  rust  prevention.  It  is 
easily  understood,  and  no  part  of  the  machinery  is  at  all  complicated  or  easily 
put  out  of  order. 

A disadvantage  in  utilizing  the  breezes,  as  in  all  natural  sources,  lies  in  the 
continual  variation  in  their  intensity  and  direction,  as  well  as  in  their  complete 
cessation  at  times.  The  changes  in  direction  may  be  momentary,  if  induce®  by 
surrounding  local  conditions;  or  they  may  be  very  dedded,  if  due  to  the  shifting 
of  pressure  centres  and  the  resulting  change  in  the  point  of  the  compass  from  which 
the  wind  blows.  Modem  mills  are  arranged  to  turn  with  the  more  decided  shifts 
in  direction,  thus  presenting  at  all  times  a proper  surface  to  the  wind  action.  So 
far  as  possible,  an  effort  is  made  to  avoid  local  effects  by  raising  the  fan  portion 
of  the  windmill  to  a considerable  hdght,  and  by  placing  the  structure  in  a clear, 
open  position. 

167 
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The  following  table  gives  as  closely  as 
possible  the  velocity  and  pressure  of  the  wind 
:or  ordinary  breezes. 

WIND  TABLE 


KIND  OP 
WIND 

VELOCITY 
MILES  PER 
HOUR 

VELOCITY 
FEET  PER 
SECOND 

PRESSURE 
EXERTED 
LBS.  FER 
SQ.FT. 

Light  breeze 

3 to  4 

4.4  to  5.86 

.03  to  .05 

Gentle  breeze  . 

6 to  8 

8.8  to  11.7 

.11  to  .19 

Brisk  wind. 

15 

22 

.68 

High  wind  . 

30  to  35 

44  to  51.3 

2.7  to  3.66 

Gale.  . . . 

45 

66 

6.1 

Hurricane  . . 

80 

117.4 

19.2 

Fig.  256.  Steel  mills  of  moderate  size  can  be  built  on 
the  ground,  then  hoisted  into  place,  fastened  down,  and 
hitched  up  to  the  pump. 


Wind  velocities.  The  engineer  is,  of 
course,  chiefly  concerned  with  the  force  of  the 
wind,  and  with  the  pressure  which  will  be 
exerted  by  it  against  any  wheel  or  other 
structure  placed  in  its  path.  A hasty  ex- 
amination of  the  few  figures  given  above 
shows  that  the  pressure  exerted  increases 
very,  very  rapidly  as  the  velocity  of  the  wind 
increases.  With  the  velocity  increased  20 
times,  from  4 miles  to  80  miles  per  hour,  the 
pressure  increases  384  times,  from  .05  pounds 
to  19.2  pounds  per  square  foot.  The  effect 
of  this  enormous  increase  in  pressure  is  seen 
directly  in  the  output  of  any  mill.  With  a 
mill  having  a capacity  of  8 to  10  bushels  of 
grist  per  hour  under  ordinary  brisk  wind 
conditions,  the  possible  output  would  be 
doubled  if  a high  wind  prevailed. 

Old-type  mill.  The  old  type  of  Dutch 
tower  mill  is  still  seen,  with  its  foundation  of 
stone  surmounted  by  a frame  tower  having 
latticed  sweeps  or  blades  over  which  sails 
can  be  drawn.  The  tower  is  movable  by  a 
''veering  mechanism,”  to  bring  the  blades 
into  direct  relation  with  the  breeze.  Some 
of  these  mills  are  of  several  stories  and  are 
often  100  feet  high  or  more.  The  blades  are 
frequently  25  to  30  feet  from  shaft  to  tip  of 
blade;  and  they  are  so  geared  to  the  grinding 
stone  that  the  stones  make  from  10  to  12 
revolutions  to  each  turn  of  the  sails. 

The  modern  windmill.  The  modern 
windmill  is  built  for  a much  wider  range  of 
work.  Its  chief  field  is,  apparently,  pump- 
ing; but  it  has  many  other  uses,  including 
in  some  localities  that  of  operation  of  the 
farm  electrical  plant.  It  differs  from  the  old 
windmill  in  being  made  of  steel,  with  a light 
turbine-shaped  wheel,  usually  10  to  12  feet  in 
diameter,  and  never  in  the  largest  mills  over 


40  feet  in  diameter.  The  steel  towers  are 
from  40  to  100  feet  in  height.  A ladder 
provides  access  to  the  mill  wheel  for  repairs. 

The  wheel.  The  wheel  itself  is  a very 
important  part  of  the  machinery,  although  in 
the  old  mills,  a large  proportion  of  the  power 
was  doubtless  lost  in  transmission  through 
the  gears  and  shafts  from  the  wheel  to  the 
millstones.  The  most  modern  wheels  have 
a steel  framework  with  radially  placed  sails 
of  sheet  metal,  shaped  somewhat  like  the 
blades  of  a screw  propeller.  They  resemble, 
also,  the  blades  of  some  forms  of  fans.  The 
exact  form  of  curvature  adopted  is  not 
mathematically  determined,  even  as  much 
as  the  shape  of  water  turbine  wheels;  but, 
like  them,  it  is  an  outgrowth  of  experiment 
and  test.  Obviously,  with  the  varying  veloc- 
ities of  wind,  there  must  be  a compromise 
in  the  shape  of  sails,  to  give  good  results  with 
each  velocity.  There  must  be  a best  shape 
for  any  one  velocity;  but,  where  a compromise 
is  made,  it  can  readily  be  seen  that  there  is 
room  for  considerable  difference  of  opinion, 
and  indeed  the  manufacturers  differ  quite 
decidedly  among  themselves.  Experiments 
have  shown,  however,  that  a twisted  sail 
has  but  slight  advantage  over  a surface 
which  has  a flat  constant  angle  presented  to 
the  wind.  To  put  it  crudely,  the  fancy  and 
complicated  shapes  occasionally  marketed 
are  not  so  desirable  as  the  simple  plain  forms 
of  sails  resembling  the  old  flat  Dutch  sails, 
except  that  the  present  form  is  curved  radi- 
ally from  shaft  to  outer  ring. 


With  even  the  best  wheels,  a large  propor- 
tion of  the  air  passes  through  between  the 
sails  and,  of  that  which  does  strike  the  sails, 
only  a portion  of  the  energy  is  absorbed.  The 

result  is  an  over-all  efficiency 


of  windmills  of  only  8 to  15 
per  cent. 

Veering  devices.  Various 
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Fig.  257.  Gen- 
eral view  of  self- 
oiling  mill  (p.  170), 
and  also  more  de- 
tailed view  with 
hood  removed 
from  oil  tank  to 
show  mechanism. 
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veering  devices  have 
been  employed  in 
the  various  types  of 
wheels,  to  keep  the 
sails  headed  up  into 
the  breeze.  At  pres- 
ent, the  tail  vane 
stuck  out  behind 
from  an  extended 
arm  is  almost  uni- 
versally adopted. 
The  best  mills  are 
mounted  on  roller 
bearings  and  easily 
moved,  so  that  the 
size  of  the  tail  vane 
must  be  carefully 
determined  by  ex- 
perience. If  too  small,  the  mill  does  not 
respond  quickly  to  slight  variations  in  di- 
rection; if  too  large,  the  mill  is  continually 
moving  or  oscillating  in  a stiff  breeze.  The 
vanes,  like  the  sails,  are  made  of  sheet  metal. 

Transmission  gear.  The  transmission 
gear  in  modem  mills  is  the  device  for  chang- 
ing the  rotary  motion  of  the  wheel  to  a recip- 
rocating motion  suitable  to  operate  the  pump 
plungers.  The  change  must  be  made  from 
the  horizontal  rotating  shaft  of  the  wheel  in 
the  air  to  the  vertical  plungers  extending 
down  to  the  ground.  This  gear  is  the  main 
point  of  difference  between  the  various  wind- 
mills; and  in  most  trials,  such  as  used  to  be 
held  at  the  various  fairs,  this  gear  has  been 
the  main  reason  for  the  superiority  of  certain 
makes  of  wheels  over  other  makes,  the  dif- 
ference in  the  mills  being  much  greater  than 
those  made  possible  merely  by  the  slight  dif- 
ferences in  sail  design. 

Although  in  all  forms  of  engines  the  force 
end  has  a reciprocating  piston  stroke,  which  is 


Fig.  259.  A small  jumbo  mill  in  Nebraska  supplying  a 
small  hotel  and  stable,  and  which  cost  $3.70  (Cornell 
Gountyman  IV-4.) 


reverse  the  operation  and  change  rotary  into 
reciprocating  motion.  It  is  used,  however, 
in  many,  or  possibly  all,  of  the  smaller  and 
cheaper  mills,  the  alternate  form  of  construc- 
tion being  a flat  pinion  arranged  to  mesh 
alternately  with  2 parallel  racks,  one  of 
which  thus  provides  a downstroke  and  the 
other  an  upstroke  to  the  pump  plunger. 

Automatic  regulating  device.  Most 
wheels  in  this  country  have  some  sort  of 
automatic  regulating  device,  to  prevent  the 
wheel  from  gaining  too  high  a rate  of  speed. 
The  device,  of  whatever  form,  is  arranged  to 
change  the  sail  adjustment,  and,  frequently, 
it  also  throws  the  wheels  out  of  gear  with  the 


pump.  This  is  done  because  of  the  fact 
that  the  pumps  used  will  not  work  properly 
at  a high  speed.  The  mill  itself  should  stand 
a gale  of  wind  and 
operate  satisfactori- 
ly. In  many  of  the 
better  types,  a de- 
vice  is  provided 
MJ  'Upj  _ which,  if  anything 

fi 9 / breaks,  automati- 

f rffli  cally  throws  the  mill 
|H(  ugar  ou(t  of  the  wind 

frpn  direction. 

ffl/xB  The  storage  of 

fh  ’H-  I water-  With  any 

1 3. Hvilill - KaTi  type  of  pumping  ap- 

:(L J paratus  so  intermit- 
tent  in  its  action  as 
WfcJvW* ^ the  windmill  and  so 
Fig.  260.  The  water  tank  variable  in  its  out- 
may  be  supported  on  the  mill  put,  a form  Of  stor- 


Fig.  260.  The  water  tank  vurmuie  m ira  out- 
may  be  supported  on  the  mill  put,  a form  Of  stor- 
tower,  on  a separate  tower  of  age  must  be  Used, 
its  own,  in  the  attic  of  the  a„  olovotoil  + 
dwelling  or  the  loft  of  the  elevated,  tank  or 
bam.  reservoir  is  most 


common.  Occasion- 
ally, the  site  is  so  arranged  that  a small 
reservoir  may  be  built  on  a hillside,  usu- 
ally a masonry  or  concrete  structure 
partly  dug  into  the  hill  and  partly  walled 
above  ground,  level.  More  frequently,  an 
elevated  tank  is  built  on  the  same  tower  with 
the  windmill,  or,  possibly,  in  the  attic  or  in 
the  barn  loft.  In  all  these  cases,  gravity 
pressure  is  relied  on  to  give  a flow  of  water. 

In  some  installations,  the  water  is  pumped 
into  a pneumatic  tank,  buried  underground 
below  the  frost-line  or  placed  in  the  cellar. 
By  creating  an  air  pressure  from  the  com- 
pressed air  in  one  end  of  the  tank,  a flow  of 
water  is  established.  This  air  pressure  may 
be  pumped  in  by  means  of  an  air  compressor, 
or  the  water  itself  may  be  depended  upon  to 
create  sufficient  pressure  by  sealing  in  the  air 
already  in  the  tank.  In  very  few  cases  is  this 
type  of  installation  desirable,  unless  the 
pumping  is  done  by  some  type  of  engine. 

Tanks.  Both  wooden  and  metal  tanks 
are  used,  of  all  sizes  from  150  to  150,000 
gallons.  Usually  about  a 4-  or  5-day  supply 
is  arranged  for.  For  wooden  tanks,  pine  and 
cedar  are  regarded  as  desirable  in  the  East, 
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while  cypress  is  most  favorably  regarded  in 
the  South  and  Southwest.  Metal  tanks  are 
occasionally  of  cast  iron,  but  more  often  of 
sheet  metal,  either  iron  or  steel.  They  cost 
nearly  twice  as  much  as  wooden  tanks.  In 
both  cases,  care  must  be  taken  to  keep  the 
tank  painted,  clean,  and  tight. 

Wooden  tanks  are  generally  thought  to  be 
better  than  metal  ones.  They  are  easier 
to  erect;  they  neither  sweat  nor  rust;  they 
do  not  follow  temperature  changes  so  readily; 
and  they  are  less  likely  to  freeze.  As  they 
cost  much  less,  wooden  tanks  are  much  more 
common,  even  in  the  very  large  sizes. 

Whether  the  tank  should  be  inside  or  out- 
side, depends  largely  on  local  conditions. 
The  inside  tank  is  restricted  in  size,  both 
because  of  the  limitations  of  the  space  avail- 


able and,  also,  because  of  its  great  weight  and 
the  necessity  of  making  special  provision  for 
its  foundation  support.  On  the  other  hand, 
it  can  be  more  readily  protected  from  freezing 
in  winter  and  overheating  in  summer.  The 
life  of  wooden  tanks  is  found  to  be  seldom 
less  than  15  years,  and  it  is  frequently  25 
years  or  longer.  Under  inside  conditions, 
the  higher  figure  may  well  be  reached. 

Usually,  the  outdoor  tower  with  tank  is 
the  most  expensive  construction.  Placing 
the  tank  on  the  windmill  tower  is  just  as 
satisfactory,  if  a sufficiently  high  mill  be  used; 
and  the  cost  is  less  than  for  a separate  tower 
or  for  indoor  construction,  frequently,  how- 
ever, the  height  necessary  to  give  water  every- 
where cannot  be  reached  except  by  means  of  a 
separate  tower. 


Characteristic  Features  of  a Desirable  Mill 


The  power  of  any  mill  depends  on  a multitude  of  variable  features,  not  only 
of  construction  and  operation,  but  of  atmospheric  conditions.  The  size  of  the 
wheel  does  not  necessarily  indicate  the  power.  The  larger  the  wheel,  the  slower 
the  speed  at  which  it  operates.  For  example,  a 10-foot-diameter  wheel  has  a 
rated  speed  of  about  70  turns  per  minute;  a 16-foot  wheel  60  turns;  an  18-foot 

wheel  45  to  60  turns;  a 25-foot  wheel  perhaps 
35  turns.  Some  of  the  mills  run  faster  than 
this.  Under  average  conditions,  the  horsepower 
developed  may  be  from  one  sixth  horsepower 

for  the  small- 
er wheel  in  a 
stiff  breeze  up 
to,  perhaps, 
1$  horsepow- 
er or  more 
for  the  larg- 
er. This  is 
only  suggest- 
ive, however, 

because  in  actual  tests  of  2 types  of  mills  hay- 
ing wheels  of  the  same  diameter,  operating  in 
the  same  wind,  one  has  been  found  to  deliver 
twice  the  power  of  the  other. 

The  features  that  determine  the  desirability 
of  a mill  are:  (1)  ease  of  erection,  handling,  and 
maintenance;  (2)  stability  and  nature  of  foun- 
dation required;  (3)  excellence  of  design  as 
regards  both  engine  and  pump;  (4)  regulation 
and  degree  of  automatic  action;  (5)  efficiency  as  determined  by  size  and  output; 
and  (6)  cost.  , . , , 

In  connection  with  the  first  feature,  low  towers,  say  40  feet  and  under,  can  be 
nggpmhled  on  the  ground  and  raised  complete,  including  sails,  while  larger  towers 
require  piece-by-piece  construction.  In  any  case,  a concrete  base,  to  which  the 
tower  may  be  anchored,  is  very  desirable. 

In  a brisk  wind,  using  a 2-inch  water  cylinder,  a 10-foot  wheel  of  average  manir 


Fig.  261.  A mod- 
ern steel  mill.  The 
veenng  fan  is  kept  at 
right  angles  to  the 
wheel  by  means  of  the 
weighted  lever. 
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facture,  geared  3 to  1,  will  make  a lift  of  250  feet;  with  a 3-inch  cylinder  it  will 
lift  150  feet;  and  with  a 4-inch  cylinder  it  will  lift  70  feet.  A 16-foot  wheel  with 
a 3-inch  cylinder  will  lift  500  feet  and  with  a 4-inch  cylinder  will  lift  300  feet.  A 
20-foot  wheel  with  a 3i-inch  cylinder  will  lift  800  feet;  with  a 5-inch  cylinder  it 
will  lift  375  feet;  and  with  an  8-inch  cylinder  it  will  lift  125  feet.  The  actual 
amount  of  water  delivered  depends  on  the  number  of  strokes  per  minute  of  the 
pump  and  its  efficiency  (Chapter  14) . 

There  is  no  doubt  that  the  windmill  in  the  central  and  western  states,  with  a 
reasonably  constant  supply  of  wind,  is  the  cheapest  power  on  the  farm.  It  must 
be  utilized  in  small  units.  Even  for  power  milk,  as  distinguished  from  pumping 
mills,  sizes  never  run  above  a few  horsepower  output,  while,  in  pumping  mills,  it 
is  unusual  to  find  even  1-horsepower  capacity.  The  cost  of  such  power  is  very 
difficult  to  determine  with  any  degree  of  accuracy.  It  is  not  sufficiently  low  to 
justify  any  attempt  to  use  it  for  continual  power  output  in  localities  where  some 
form  of  storage  must  be  provided  in  combination  with  the  windmill.  It  is  best 
adapted  and  is  cheapest  for  intermittent  work.  This  includes  pumping  water, 
grinding  grain,  irrigating,  and  even  wood  sawing,  if  the  wheel  is  large  enough. 

Protection  in  winter.  There  is  need  for  sponding  depth.  Where  any  part  is  exposed, 
considerable  care  in  installation,  where  the  it  is  desirable  to  use  a wrapping  of  felt  or 
windmill  is  to  be  used  throughout  the  year,  heavy  stuff,  or  to  fashion  a casing  which  may 
Particularly  is  it  desirable  to  see  that  the  be  filled  with  sawdust,  rags,  crumpled  p&per, 

B cylinders  and  pipes  are  protected  from  or  similar  substances.  In  the  case  of  long, 
a g during  very  cold  weather.  This  is  exposed  pipe  lines,  it  is  desirable  to  place 
best  done  by  keeping  all  pipes  below  the  frost  valves  so  that  the  water  may  be  shut  off  and 
line  and  by  sinking  the  pump  to  a corre-  the  pipes  emptied  on  specially  cold  nights. 


Cost.  The  cost  of  the  various  types  of  windmill  varies  widely,  from  $60  in 
normal  times  for  a small  mill  on  a 30-foot  tower  to,  perhaps,  $2,500  for  one  of  the 
finer  English  mills  of  30-feet  diameter  on  a 40-foot  tower.  Such  short  towers  are 
usually  not  desirable,  except  in  open  country;  and  even  then  dissatisfaction  is  apt 
to  result  from  their  purchase.  Not  only  is  the  velocity  of  the  wind  less  uniform 
near  the  ground  surface,  but  it  is  actually  veiy  much  less  than  the  velocity  higher 
up.  At  100  feet,  the  velocity  is  normally  nearly  twice  that 
at  25  feet.  Therefore,  a mill  on  the  higher  tower  may  give 
4 or  5 times  the  power  output  of  the  same  wheel  on  the 
short  tower.  With  the  higher  towers,  the  normal  cost  of  a 
substantial  windmill  would  be  from  $250  to  $500.  This  is, 
of  course,  a very  considerable  investment  for  so  small  a 
power  plant.  It  is  feasible,  therefore,  only  where  the  pre- 
vailing winds  are  sufficiently  strong  and  constant  to  give 
fairly  constant  power  at  the  times  when  power  is  required. 
When  this  is  true,  the  cost  of  the  power  is  the  interest  on 
the  investment  plus  depreciation  of  the 
machinery,  plus  the  cost  of  oiling,  paint- 
ing, and  occasional  inspection;  This  will, 
probably,  amount  to  about  $60  or  $70  per 
year  for  a $500  mill.  From  a knowledge 
of  windmill  performance  it  is  conservative 
to  assume  that  this  outfit  in  the  Cen- 
tral or  Middle  West  would  give  a yearly 
output  of  at  least  3,000  horsepower  hours, 
ana  in  favorable  localities,  would  approach 
5,000  horsepower  hours.  In  the  East,  not 
more  than  1,200  to  1,500  horsepower 


Fig.  262. 
successfully 


Countryman  IV-4.) 


Side  view  of  a small  turbine  windmill 
used  on  the  Great  Plains.  (Cornell 
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hours  could  be  estimated.  At  this  figure,  the  cost  of  windmill  power  would 
vary  from  a minimum  of  perhaps  1J  cents  per  horsepower  hour  in  the  West  to 
perhaps  5 cents  per  horsepower  hour  in  the  East.  This  would  indicate  that 
m the  western  windy  states,  the  cheapest  form  of  power  is  the  windmill,  as 
nothing  else,  except,  perhaps,  a water-power  installation,  can  approach  1J 
cents  per  horsepower  hour  for  small  power  users.  In  the  East,  however,  the 
cost  is  approximately  the  same  as  for  gasoline  and  steam  power,  though  some- 
what greater  than  the  cost  of  kerosene  power.  The  choice,  then,  is  a matter 
of  convenience.  If  the  larger  power  plant  is  in  use  anyway,  the  windmill  may 
be  dispensed  with.  If  a small  power  is  needed  intermittently  and  without  con- 
stant attendance,  the  windmill  may  work  out  to  the  best  advantage. 


Homemade  windmills.  To  give  a small 
amount  of  power  and  for  a corresponding 
small  outlay  of  money,  the  homemade  wind- 
mill is  worthy  of  consideration  in  states  where 
the  prevailing  winds  are  pretty  definite  in 
direction.  The  iumbo  type  and  the  battle- 
ax  type  of  windmill  are  Doth  usually  built 
fixed  in  direction,  but  the  latter  type  may  be 
mounted  with  a vane  to  veer  the  head  into 


All  of  these  types  must  be  built  fairly 
large,  to  give  appreciable  power,  but,  with 
diameters  from  8 to  12  feet,  they  will  show 
results.  Such  a mill  should  pump  water 
sufficient  for  50  to  100  cows  to  a height  of 
10  or  15  feet,  if  there  is  sufficient  storage 
capacity  to  permit  the  mill  being  fully 
utilized. 

Care  of  the  windmill.  In  the  so-called 


the  wind.  The  construction  is  all  wood,  and, 
depending  on  size,  may  cost  anywhere  from 
$2  or  $3  up  to  $30,  not  counting  labor  or  such 
material  as  is  usually  found  on  a farm.  The 
battle-ax  type  may  be  extended  into  a straight 
vane  turbine,  a cheap  type  of  which  is  shown. 

The  shafts  of  these  mills  are  usually  wooden, 
some  smooth  pole  serving  the  purpose  or,  if 
available,  a short  rod  or  piece  of  pipe  may  be 
driven  into  the  ends  of  the  shaft  proper  to 
serve  as  bearings.  The  wheels  or  sails 
and  tower  structure  can  be  made  of  c 
poles,  with  sides  of  old  boxes  for  vanes.  sfa 


self-oiling  types  of  windmill,  oil  magazines 
or  reservoirs  are  provided  which,  when  filled, 
will  supply  sufficient  lubrication  for  from  4 to 
6 weeks  during  the  usual  operation  of  the 
mill.  If  the  mill  is  not  self-oiling,  it  should 
be  lubricated  after  each  8 or  10  hours  of  use. 
If  a considerable  period  of  time  elapses  before 
this  amount  of  use,  oiling  should  be  done 
about  twice  a week.  At  each  oiling,  go  over 
the  mill,  wrench  in  hand,  and  tighten  any 
loose  nuts  or  bolts.  Note  the 
condition  of  the  structure,  and, 
Wmlmk  when  rust  appears,  use  paint. 


if  *'*''  ^ \ 


Fig.  263.  Giant  battle-ax  windmills  used  in  irrigating  a 15-acre  Nebraska  orchard.  Costing 
$25  each  to  make,  they  will  average  about  1,000  gallons  an  hour  each  in  a 15-mile  wind. 
(Cornell  Countryman,  Iv-4.) 


Digitized  by  v^.ooQle 


CHAPTER  16 


Water  Power  on  the  Farm 

By  Professor  R.  P.  Clarkson  (see  Chapter  11).  The  farmer  who  has  on  his  property , or  with- 
in convenient  reach  of  it,  a permanent  stream  has  at  hand  a source  of  power  that  is  constant,  uniform, 
and  easily  harnessed  either  for  the  driving  of  machinery  or  the  production  of  the  more  easily  carried 
electric  power  (Chapter  19).  Water  has  thus  been  used  by  man  for  many  ages,  yet  even  to-day,  mil- 
lions of  units  of  power  are  being  wasted  because  of  insufficient  knowledge  as  to  how  to  capture  and 
apply  them.  The  data  given  here  will  enable  the  farmer  to  do  a good  deal;  it  should  also  stimulate 
him  to  learn  and  to  do  still  more—  Editor. 

ON  ANY  farm  where  there  is  a flowing  stream,  a pond,  or  a lake,  the  question 
of  water-power  possibilities  should  be  carefully  investigated.  The  re- 
quirements for  power  are,  first,  a supply  of  water  continuous  during  the  time  power 
is  needed,  and,  second,  a drop  or  fall  between  the  level  where  water  is  available 
and  the  place  where  it  must  be  discharged.  This  is  called  the  “head”  of  water. 
A very  small  head,  or  difference  in  level — even  a few  feet — is  all  that  is  necessary. 
The  power  obtainable  depends  upon  three  factors:  (1)  the  weight  of  water  which 
can  be  used  per  minute;  (2)  the  fall,  or  head,  available;  and  (3)  the  efficiency  of 
the  water  wheel  used.  While  it  is  well  for  the  farmer  himseli  to  make  prelimi- 
nary investigation  into  the  possibility  of  power,  good  engineering  advice  should  be 
employed  before  any  considerable  amount  of  money  is  spent. 

Head.  This  can  usually  be  measured  dl-  greatly  in  width.  Say  the  stretch  is  200  feet 
rectly  without  difficulty,  by  means  of  the  farm-  long.  Measure  the  width  of  the  stream  in 
er*8  level.  If  the  water  supply  is  a lake  which  feet  at  10  stations  along  this  stretch.  At  each 
can  be  discharged  through  awheel  into  astream  station  take  10  measurements  in  feet  of  the 
at  a lower  level,  the  head  is  measured  be-  depth  of  the  stream,  spacing  the  measure- 
tween  the  two  water  surfaces.  If  the  supply  is  ments  equally  from  shore  to  snore.  Average 
a stream,  the  measurement  of  fall  may  be  the  depth  measurements  at  any  one  station 
more  complicated.  A dam  will  probably  be  and  multiply  the  average  depth  by  the  width, 
necessary  to  back  the  water  up  and  form  a 
storage  pond.  The  head  is  then  measured 
between  the  water  surface  of  this  pond  and 
the  surface  of  water  in  the  stream  at  the 
point  where  the  wheels  discharge. 

Usually,  if  a stream  is  being  considered, 
there  must  be  a rather  quick  drop,  as  indi- 
cated by  swiftly  flowing  water,  or  the  power 
probabilities  will  not  be  large.  If  there  is  a 
considerable  drop,  2 points  are  chosen  be- 
tween which  the  main  fall  takes  place.  Call 
the  upstream  point  A and  the  downstream 
point  B.  A dam  is  erected  at  B,  sufficiently 
high  to  back  the  water  up  to  the  level  at  A 
and  make  available  the  fall  or  head  from  A 
to  B. 

Water  flow.  After  head  is  determined, 
measurement  must  be  made  of  the  water  flow 
between  the  two  points.  Unless  measuring 
apparatus,  such  as  a current  meter,  is  avail- 
able, the  simplest  way  is  as  follows:  Pick 
out  a stretch  of  stream  which  does  not  vary 
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Fig.  265.  In  measuring  the  flow  through  a weir 
with  a simple  straightedge,  take  the  depth  far  enough 
back  of  the  edge  to  avoid  the  surface  curve  of  the  water. 


of  the  stream  at  that  station.  This  will  give 
the  cross  section  in  square  feet.  Get^this 
cross  section  at  each  of  the  stations  and 
average  these  10  cross  sections.  This  will 
give  an  approximate  average  cross  section 
of  the  200  feet  stretch  of  stream  chosen.  If 
this  is  multiplied  by  the  average  velocity  of 
the  stream  in  that  stretch,  you  will  have  the 
approximate  flow  of  the  stream  in  cubic  feet  per 
second.  This  velocity  may  be  observed  by  not- 
ing the  time  taken  for  a chip  to  float  the 
stretch  of  200  feet,  or,  perhaps,  an  easier  way 
would  be  to  notice  how  far  a chip  will  float 
along  the  stretch  in  1 minute  or  in  half  a min- 
ute. Make  15  or  20  trials  with  floats,  and  get 
the  average  velocity  of  the  stream — that  is,  the 
feet  per  minute  covered  by  the  floats.  To  be 
safe,  take  two  thirds  of  this  float  velocity 
and  multiply  by  the  average  cross  section  of 
the  stream,  to  give  the  discharge  in  cubic  feet 
per  minute.  The  following  table  shows  the 
amount  of  water  required  theoretically  to 
give  1 horsepower  with  various  heads.  Twice 


the  quantity  will  give  2 horsepower,  3 times 
the  quantity  will  give  3 horsepower,  and  so  on. 

WATER  REQUIRED  THEORETICALLY 
FOR  ONE  HORSEPOWER 


HEAD  CUBIC  FEET 

IN  FEET  PER  MINUTE 

5 105.6 

10 52.8 

15 35.2 

20  26.4 

25 21.1 

30 17.6 

35 15.1 

40 13.2 


Practically,  the  horsepower  will  be  only  a 
fraction  of  that  indicated,  as  some  power  is 
used  up  in  the  machinery  and  some  is  wasted 
entirely.  The  exact  proportion  of  theoret- 
ical power  obtainable  depends  upon  the  type 
of  water  wheel  used. 

To  calculate  quickly  the  horsepower  of  a 
stream  or  fall,  engineers  are  in  the  habit  of 
using  a short  and  quite  accurate  method,  as 
follows:  Divide  the  flow  of  water  in  cubic 
feet  per  second  by  11  and  multiply  by  the 
head . The  result  rives  the  horsepower  which 
may  be  developed,  using  a wheel  of  80  per 
cent  efficiency.  If,  for  example,  a head  of 
9 feet  is  available  with  a water  flow  of  22 
feet  per  second,  the  horsepower  which  may  be 
developed  with  a turbine  of  80  per  cent  effi- 
ciency is  found  by  dividing  22  by  11  and 
multiplying  by  9,  the  result  being  18.  To  find 
the  horsepower  of  falling  water  exactly,  mul- 
tiply the  weight  in  pounds  of  water  falling  per 
second  (a  cubic  foot  of  fresh  water  weighs 
about  62  i pounds)  by  the  head  in  feet.  This 
rives  the  foot  pounds  per  second.  Divide  the 
foot  pounds  per  second  by  550  to  get  the 
theoretical  horsepower  available. 


Water  Wheels 

For  small,  low-priced  installations  the  gravity  type  of  wheel  is  frequently  used. 
Wheels  of  this  type  are  operated  directly  by  the  weight  of  falling  water  exerted 
through  the  falling  distance  or  head.  Such  are  the  breast  and  overshot  wheels 
illustrated.  The  undershot  wheel  is  operated  by  the  current  and  involves  no 
Ham  or  other  works.  It  is  the  old-fashioned  mill  wheel.  The  Pelton  wheel  is  an 
impulse  type,  being  operated  by  a jet  of  water  forced  against  the  blades  of  the 
wheel.  Turbines  of  various  kinds  are  also  used.  They  are  the  most  efficient 
type  of  wheel  for  low  heads  and  are  most  generally  used  in  commercial  plants. 
They  may  be  of  either  the  impulse  type,  in  which  the  direct  force  of  the  water 
against  the  moving  part  is  used,  or  the  reaction  type,  in  which  the  back  "lack” 
of  the  water  as  it  leaves  the  vanes,  furnishes  the  driving  force.  This  kick  is 
commonly  used  in  rotary  lawn  and  garden  sprinklers,  which  are  really  reaction 
turbines. 

The  efficiency  of  wheels  may  be  stated  as  follows:  Undershot,  15  to  25  per 
cent;  breast,  55  to  65  per  cent;  overshot,  65  to  75  per  cent;  Pelton,  75  to  80  per 
cent;  turbine,  80  to  90  per  cent. 
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BREAST 


OVERSHOT 


A fall  of  from  6 to  8 feet  and  upward 
usually  makes  a turbine  installation  ad- 
visable, if  considerable  water  is  avail- 
able. Under  very  small  heads,  of  only  2 
or  3 feet,  undershot  and  breast  wheels 
may  be  desirable,  or,  if  conditions  per- 
mit, an  overshot  wheel  may  be  adopted. 

Where  the  undershot  wheel  is  used,  the 
stream  is  frequently  narrowed  to  about 
the  width  of  the  wheel,  thus  giving  the 
wheel  the  benefit  of  all  the  water  in  the 
stream  running  at  a somewhat  higher 
velocity  than  in  the  open  stream.  This 
type  of  wheel  is  rapidly  disappearing  al- 
together. One  of  its  strong  features, 
however,  is  its  comparatively  low  cost, 
no  dam  being  required. 

Recently  an  entirely  new  type  of  tur-  _ _ , . , ^ . 

bine,  known  as  the  Clarkson  current  most* efficimt^oP^the  simpler  forms,  but  where  there  is 
turbine,  has  been  invented.  This  is  oper-  diameter  1X1113111118  the 

ated  by  the  current  flow  and  requires  no 

dam,  thus  having  these  advantages  in  common  with  the  undershot  wheel.  Its 
efficiency,  however,  is  very  much  greater  than  that  of  the  undershot  wheel,  and 
may  run  up  to  60  per  cent  or  more. 

Just  what  installation  is  best  in  each  case,  and  the  cost  involved  depend  upon 
local  conditions.  Before  determining  the  size  of  wheel  to  install,  the  conditions 
of  water  supply  at  all  seasons  of  the  year  must  be  taken  into  account.  Some 
streams,  for  example,  have  large  quantities  of  water  available  for  a few  months 
of  the  year,  and  for  the  remaining  time  are  either  frozen  or  completely  dried  up. 
Such  streams  are  obviously  unsuited  for  continuous  year-round  power  purposes. 
In  commercial  installations,  the  flow  of  such  streams  is  often  equalized  to  some 
extent  by  the  utilization  of  big  storage  reservoirs  which  can  be  drawn  upon  in 
time  of  drought;  but  for  small  installations,  this  arrangement  can  usually  be  only 
sufficient  for  day-by-day  regulation,  and  cannot  take  care  of  seasonal  water 
shortage. 


UNDERSHOT 


PELTOfl 


Cost  of  water-power  plants.  The  cost 
of  a small  water-power  turbine  plant  may 
range  from  $50  per  horsepower,  where  con- 
ditions are  unusually  favorable  and  the  power 
is  used  directly,  as  for  sawing,  grinding,  or 
other  purposes,  up  to  several  hundred  dollars 
per  horsepower,  where  a large  dam  is  re- 
quired and  electric  generators  are  installed 
to  give  a supply  of  electricity  for  lighting  and 
other  purposes.  The  following  table*  gives 
some  figures  about  successful  farm  water- 
power plants  in  various  parts  of  the  country. 
All  of  these  are  turbine  plants. 

While  nothing  very  definite  can  be  said 
about  cost,  it  is  usually  true  that,  with  other 
conditions  unchanged,  the  higher  the  head, 
the  less  the  cost.  The  larger  the  plant,  the 
less  it  will  probably  cost  per  horsepower. 

•From  “Practical  Talks  on  Farm  Engineering,”  by  R. 
P.  Clarkson.  Doubleday,  Page  and  Co..  Garden  City, 
N.  Y.s  1915. 


FARM  WATER-POWER  PLANTS 


HEAD 

POWER 

DEVELOPED 

LENGTH  OF 
DAM 

COST  OF 
PLANT 

6 

17  hp. 

36  feet 

$1,000 

11 

8 hp. 

350  feet 

1,000 

15 

5 hp. 

(used  old 
dam) 

225 

17 

15  hp. 

200  feet 

700 

In  most  cases  under  normal  conditions,  from 
$100  to  $125  per  horsepower  will  cover  the 
cost  of  the  entire  installation,  including 
electric  machinery,  wiring,  lights,  etc.  The 
cost  of  operation  is  the  interest  and  depre- 
ciation on  the  plant,  the  expense  for  oil  and 
repairs,  taxes,  and  such  supervision  as  is 
necessary. 

On  the  other  hand,  plants  using  the  gravity 
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dam  and  turbine  should  be  located.  With  sufficient 
water  available,  a supplementary,  simple  water  wheel 
could  be  located  at  the  dam. 

or  current  types  of  wheels,  where  they  are  suit- 
able, may  cost  only  a third  as  much  as  a 
turbine  plant  or  even  less  if  constructed  by  the 
farmer  himself.  They  involve,  usually,  only 
wooden  construction  or,  at  most,  wood  and 
concrete. 

When  a ample,  inexpensive  outfit  of  this 
kind  has  proved  the  importance  and  value  of 
power  development  to  you  and  your  house- 
hold, then  you  may  feel  more  inclined  toward 
the  expenditure  required  for  a good,  per- 
manent turbine  plant,  if  conditions  permit. 
It  should  be  remembered  that  additional  con- 
venience and  the  saving  of  unnecessary  labor 
and  trouble  are  all  sufficient  to  warrant  con- 
siderable outlay  and  are  truly  as  valuable  as 
the  more  direct  saving  of  money. 


It  must  not  be  assumed  that  a water-power 
plant  is  necessarily  the  cheapest  way  to  get 
power.  It  may  be  neither  the  cheapest  in 
first  cost  nor  the  cheapest  to  operate.  In 
fact,  water-power  plants  are  usually  more 
expensive  to  build  and  install  than  steam 
plants  or  gas  and  oil  engines.  Water-power 
installations  are  sometimes  so  very  costly  at 
the  beginning  that  the  very  heavy  interest 
and  depreciation  charges,  taken  together, 
with  the  maintenance  and  operation  costs, 
make  the  cost  of  the  power  produced  greater 
than  that  of  such  power  when  supplied  from 
other  sources.  These  items  of  interest  and 
depreciation  should  properly  be  considered 
always  as  part  of  the  cost  of  power. 

The  thing  to  keep  in  mind  is  the  cost  per 
horsepower  hour  for  the  power  you  can  use. 
This  must  be  modified  somewhat  by  the 
feature  of  convenience.  Simple  farm  water- 
power plants  require  almost  no  continual 
attendance.  No  damage,  except  to  the 
immediate  machinery,  can  result  even  from 
gross  neglect.  The  installation  may  be 
practically  noiseless.  These  are  some  of  the 
points— frequently  deciding  factors— which 
differentiate  water-power  plants  from  either 
steam,  gas,  or  oil  installations.  The  dis- 
cussion of  these  alternative  types  of  power 
plants  may  be  found  under  their  respective 
headings  later  on  in  this  volume. 


The  Hydraulic  Ram 


One  of  the  more  important  problems  of  country  life  is  the  supplying  of  water 
in  plentiful  quantities  for  use  in  the  house  and  bam.  Laborious  hand  pumping 
ana  frequently,  also,  the  carrying  of  water  by  hand  are  resorted  to  on  many  farms. 
Windmills  are  commonly  used  for  pumping  purposes  and  make  very  satisfactory 
pumping  engines.  Of  course,  any  form  of  power  can  be  utilized  to  run  a pump,  but 
one  of  the  cheapest  and  most  satisfactory,  as  well  as  almost  foolproof,  machines 
for  pumping  is  the  hydraulic  ram.  It  will  operate  at  high  efficiency  continuously 
without  any  attendance. 


To  the  average  person,  the  hydraulic  ram 
is  a mysterious  thing.  Working  day  and 
night  for  years  without  attention  and  with- 
out rest,  it  is  the  farmer's  most  dependable 
friend  for  pumping  water.  The  efficiency 
of  the  ram,  when  used  for  lifting  water  only 
4 or  5 times  as  high  as  the  fall,  is  as  great  as 
that  of  the  best  pumps,  and  is  much  better 
than  that  of  most  pumping  apparatus.  For 
other  ranges,  where  the  lift  is  small  up  to  25 
times  the  fall,  table  A gives  the  efficiency 
of  a ram. 

TABLE  A 


Lift  divided  by  fall 

K1 

■n 

■1 

Per  cent  efficiency  . . 

85 

m 

Lift  divided  by  fall 

10 

15 

20 

25 

Per  cent  efficiency  . . 

57 

42 

30 

23 

The  efficiency  of  a ram  falls  off  so  greatly 
as  the  delivery  height  increases  that  rams  are 
seldom  used  where  the  lift  is  more  than  25 


Fig.  268.  Roush  stone  dam  (in  background)  creating 
a head  with  which  to  operate  ram  (at  lift),  the  delivery 
pipe  from  which  is  seen  in  the  foreground. 
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where  q equals  the  quantity  of  water  raised, 
in  gallons,  Q is  the  quantity  supplied  to  the 
ram,  in  gallons;  h is  the  lift  from  ram  to 
storage  tank,  in  feet;  H is  the  fall  from  supply 
down  to  ram,  in  feet;  and  e is  the  efficiency 
of  the  ram  taken  from  Table  A,  page  176,  where 
h divided  by  H is  the  lift  divided  by  fall. 

For  example,  there  is  a fall  of  10  feet, 
and  ram  can  be  supplied  with  25  gallons  of 
water  per  minute.  The  storage  tank  is  in 
the  attic  40  feet  above  the  ram.  How  much 
water  per  minute  will  be  supplied  to  tank? 
From  Table  A,  the  ratio  of  40  feet  lift  to  10 
feet  fall  will  permit  an  efficiency  of  80  per 
cent.  Then,  using  the  figures  given  and  sub- 
stituting them  in  the  formula: 

25x10 

q=3-  x 80  per  cent = 5 gallons  per  minute. 

40 

It  is  apparent  that 
if  25  gallons  of  water 
are  delivered  to  the 
ram  and  only  5 gallons 
reach  the  tank,  there 
must  be  a great  waste 
of  water.  The  water  is 
wasted,  but  the  energy 
of  its  fall  is  utilized  in 
lifting  the  remaining 
quantity  to  the  greater 
height.  j 

A diagrammatic 
form  of  ram  is  shown 
on  page  178  (Fig.  271). 

There  are  five  main 
parts:  the  drive  pipe 
A,  the  waste  valve  B, 
the  delivery  pipe  D, 
the  air  chamber  C, 


Ratio  of  lift  to 
fall,  . . . 

Gallons  per 
minute  re- 
quired to  op- 
erate ram 

2 

2.22 

3 

2.47 

4 

5.00 

5 

6.67 

Ratio  of  lift  to 
fall  . . . 

10 

15 

20 

25 

Gallons  per 
minute  re- 
quired to  op- 
erate ram 

17.54 

35.91 

66.67 

108.70 

The  presence  of  air  in  the  chamber  C is 
necessary;  for  it  compresses  when  the  sudden 
blow  is  struck  on  the  valve  E,  and  this  allows 
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Fig.  271.  Diagram  made  as  simple  as  possible  to  show  parts 
and  operation  of  the  hydraulic  ram  (see  text) 

that  valve  to  open.  Of  course,  the  water  will  the 
absorb  a little  of  the  air,  and  after  a time  the  way 
air  in  the  dome  will  be  exhausted.  This  will  was 
cause  the  ram  to  stop;  and,  to  prevent  such  thrc 
stoppage,  there  must  be  a way  of  admitting  pipe 
more  air  into  the  air  chamber.  This  is  done  E 
by  boring  a small  hole  at  N.  The  water,  fron 
rushing  into  chamber  C,  sucks  in  through  the  ute 
hole  N just  a tiny  bit  of  . 


air,  enough  to  prevent 

the  exhaustion  of  the  air  ^s. 

chamber.  On  many  of 

the  same  purpose  as 
the  tiny  hole  here  reo- 
ommended. 

T|he  ram,  as  de- 
scribed above,  will  raise  FlG-  272.  Small  concrete  sp  llway  to  take  care  of 
a portion  of  the  water  ^ 8(^!}£dwater  auovc  thjl  ,,t‘xkd  too‘>era‘e« 
supplied  to  it  to  any 

desired  height.  If,  however,  it  is  desired  to  one  container  as  8 
pump  clear  water  from  a brook  or  spring  by  pumps  are  slightly 
means  of  undesirable  water  from  some  pond  sible,  the  ram  to 
or  stream,  it  may  be  done  with  safety  by  provided  with  an  a 
using  a ram-pump.  This  resembles  the  ram  the  waste  valve,  b< 
shown  except  for  the  addition  of  the  parts  stick  if  a higher  h 
H,  K,  V,  and  S,  as  shown  in  Fig.  273.  As  first  thought  to  be  p 
before,  the  water  to  operate  the  ram  comes  care  must  be  taken 
through  the  drive  pipe,  but  the  water  to  be  workable  on  the  hi 
pumped  enters  through  the  small  pipe  K,  is  likely  to  be  empl< 


^sssSia^sa 


and  passes  through  the  valve  E,  when 
}£*  the  latter  is  opened.  A check  valve 
at  V prevents  the  clear  water  being 
forced  back  up  the  pipe  K,  while  a stand 
pipe  at  S keeps  sufficient  water  pressure 
on  the  pipe  at  H to  fill  the  righthand 
end  of  the  casing  at  all  times  and  even 
wn  to  allow  a little  to  leak  through  the 
. waste  valve  B.  Thus,  none  of  the  im- 
pure  water  gets  near  enough  to  the  valve 
I E to  be  in  any  danger  of  being  forced  into 
I storage.  The  ram-pump  is  best  used 
I where  the  supply  of  pure  water  is  de- 
"T  ddedly  limited  m quantity. 

?art8  Rams  and  ram-pumps  are  usually 
placed  at  the  bottom  of  pits  dug  into 
the  ground,  the  head  being  increased  in  that 
way  while  the  waste  water  flowing  from  the 
waste  valve  is  easily  drained  from  the  pit 
through  open-joint  tiles  or  through  a drain 
pipe  laid  from  the  pit  to  a lower  level. 

Rams  are  commonly  made  in  6 sizes, 
from  that  requiring  only  1J  gallons  per  min- 
ute to  operate  it  up  to  one  requiring  25  gal- 
Jons  per  minute.  The 
price  ranges  from  $5  up 
Iff''  t0  $25  for  these  sizes. 

i.j/SVtoI  Larger  sizes  are  made, 
Vf-p  ~~  And  often  a whole  bat- 

tery  of  rams  is  installed 
where  the  supply  of 
P ■ ' f[H  ■ • 4 . water  is  large.  Rams 


The  Siphon 

Occasionally,  it  is  neces- 
sary to  carry  water  for  use 
up  over  the  top  of  an  inter- 
vening ridge.  This  may  be  *o 

done  without  continuous 
pumping  by  means  of  a ( 

siphon,  provided  (1)  that  the  / ^ 
lift  required  from  the  surface  V. 
of  the  supply  pond  or  stream  — 

to  the  top  of  the  ridge  is  not  fic.  m simj 
more  than  about  25  feet,  and  a smaller  supply. 


’ v water  is  large.  Rams 

jo  combined  may  deliv- 
er  through  a common 
pipe  or  through  indivi- 
dual pipes  leading  to  as 
sp  u way  to  take  care  of  many  tanks.  Similarly 
at  nttidcd  to  °‘)erate  a one  ram  may  be  made 
to  supply  more  than 
one  container  as  shown  in  Fig.  270.  Ram- 
pumps  are  slightly  more  expensive.  If  pos- 
sible, the  ram  to  be  purchased  should  be 
provided  with  an  adjustable  arrangement  on 
the  waste  valve,  so  that  the  latter  will  not 
stick  if  a higher  head  is  used  than  was  at 
first  thought  to  be  possible.  If  this  is  not  done, 
care  must  be  taken  that  the  ram  bought  is 
workable  on  the  highest  head  of  water  that 
is  likely  to  be  employed. 

f)  $m*H 

r x II  r*** 


Fig.  273.  Simple  ram  varied  by  the  addition  of  parts  H K V and  S so 
that  a large  head  of  impure  water  can  be  used  to  elevate  pure  water  from 
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(2)  that  the  discharge  point  of 
the  siphon  is  below  the  level  of 
the  supply  pond. 

In  theory,  the  siphon  may 
be  made  so  that  the  lift  from 
the  surface  of  the  supply  pond 
to  the  topmost  point  of  the  si- 
phon would  be  34  feet,  but  in 
practice  it  is  very  difficult  to 
get  anything  like  this  height 
without  special  care  and  pre- 
cautions. The  large  number  of 
joints,  their  possible  leakage, 
the  friction  loss  of  the  water 
flowing  in  the  pipe,  all  combine 
to  lower  the  possibilities.  Also,  in  high  altitudes  the  atmospheric  pressure,  which 
causes  the  siphon  to  operate,  is  much  less,  and  the  height  to  which  the  water  can 
be  raised  is  less  in  proportion. 

For  temporary  use,  any  sort  of  flexible  pipe  as,  for  example,  a garden  hose, 
makes  a very  satisfactory  siphon.  The  siphon  principle  may  be  used  to  empty 
barrels  or  tubs  where  it  is  not  desirable  to  use  a spigot;  but  the  barrels  should  be 
raised,  so  that  the  discharge  end  of  the  hose  will  be  kept  below  the  surface  of 
liquid  in  the  barrel.  Similarly  flooded  cellars  and  basements  may  be  emptied 
without  pumping,  if  the  discharge  end  of  the  pipe  can  be  put  below  the  surface  of 
the  water  in  the  cellar,  as  is  frequently  possible  if  the  house  stands  on  a hill. 

Often  a siphon,  ingeniously  used,  will  do  away  with  an  expensive  pumping  out- 
fit; and  it  not  only  costs  less  to  install,  but  will  operate  at  practically  no  cost 
and  without  any  attendance. 


Fig.  274.  Two  arrangements  by 
which  the  head  and  the  length  of  the 
drive  pipe  can  be  brought  into  correct 

relationship.  It  is  the  height  of  the  water  surface,  not  its  extent,  that 
determines  its  pressure. 


A successful  siphon  must  be  air-tight,  and 
the  supply  end  of  the  pipe  must  be  kept  below 
the  water  surface.  Preferably,  there  is  a 
valve  at  each  end  of  the  siphon,  the  one  on 
the  entrance  end  being  below  the  water  sur- 
face and  that  on  the  discharge  end,  which 
may  indeed  be  a faucet,  being  materially 
below  the  level  of  the  other  one — 5 to  10  feet 
or  more  is  advisable.  At  the  very  topmost 
point  of  the  siphon,  there  should  be  a short 
standpipe  connected  with  the  siphon;  and  it, 
too,  should  have  a good  valve  in  it. 

The  diagram  (Fig.  275)  shows  the  arrange- 
ment for  supplying  a bam  from  a pond  located 
on  the  other  side  of  a hill.  To  start  the  siphon, 
close  the  valves  at  the  ends  of  the  pipe  A and 
C,  open  the  valve  at  B,  and  fill  the  pipe  com- 
pletely until  it  overflows  the  standpipe. 
Then  shut  valve  B as  tight  as  possible.  The 


Fig.  275.  Diagram  to  show  working  of  siphon  (see  text) 


siphon  is  now  full  of  water,  and  if  the  valve 
or  faucet  at  C be  opened  and  that  at  A opened 
at  the  same  time — not  before  C — the  water  will 
flow  continuously  from  A up  over  the  hill  and 
out  at  C.  The  valve  A and  B must  not  be 
touched;  but  the  flow  must  be  regulated  en- 
tirely by  C,  which  may  be  opened  and  closed 
like  any  faucet.  If  at  any  time  there  is 
leakage  of  air  sufficient  to  stop  the  action  of 
the  siphon,  careful  repairs  must  be  made,  and 
the  siphon  must  then  be  started  as  before 
by  filling  through  B. 

In  most  cases,  the  distance  from  the  sur- 
face at  A to  the  top  point  below  B cannot  be 
much  more  than  25  feet,  but  the  distance 
from  the  top  point  below  B down  to  the  dis- 
charge at  C may  be  anything.  The  difference 
in  levels  between  A and  C should  be  at  least 
4 or  5 feet  and  preferably  more.  A very 
small  pipe  should  not  be  used  for  siphoning, 
as  the  friction  is  greater  in  proportion  than 
with  large  pipes,  and  a very  small  leakage 
of  air  which  might  not  affect  the  operation 
of  pipes  of  considerable  diameter  would 
operate  to  stop  the  smaller  siphon  entirely. 
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Fig.  276.  Sectional  diagram  of  a horizontal  steam  engine  with  important  parts  named 


CHAPTER  17 


Steam  Engines 

By  Professor  R.  P.  Clarkson  ( see  Chapter  1&).  The  most  extensive  use  of  steam  on  the 
farm  to-day  is  probably  in  connection  with  the  heating  of  greenhouses  and  the  washing  and  steriliz- 
ing of  dairy  utensils , etc.  It  should  not  be  overlooked , however , as  a source  of  power  (preferably 
stationary , but  also , where  conditions  are  favorable , in  tractor  form)  because  of  the  simplicity  of  the 
principles  by  which  it  operates , and  of  the  comparative  cheapness  of  the  maintenance  of  a steam 
power  plant.  Moreover,  when  such  an  outfit  is  operated,  there  remains  the  exhaust  steam  with  its 
value  almost  undiminished  as  far  as  heating  the  house,  work  buildings,  greenhouses,  etc.,  is  con- 
cerned. For  some  years  the  steam  tractor  hauled,  unchallenged,  the  huge  gang  plows  and  the  mighty 
seeding  and  harvesting  implements  that  paved  the  way  to  the  profitable  cultivation  of  the  western 
plains.  Now  the  lighter,  more  easily  fed  internal  combustion  tractors  have  stepped  in  and  largely 
displaced  the  pioneer . But  it  still  has  its  place,  both  on  larae  farms  and  small,  and  the  farmer 
can  well  afford  to  familiarize  himself  with  its  requirements  ana  its  fields  of  service. — Editor. 

TN  ANY  discussion  relating  to  farm  power,  it  is  necessary  to  consider  not  only 
1 the  very  common  internal-combustion,  or  oil,  engine,  but,  also,  the  less  fre- 
quently seen  steam  engine.  The  great  advantage  of  the  steam  engine  lies  in  its 
flexibility  of  power  output.  By  increasing  the  boiler  pressure  of  steam,  you  make 
possible  a very  great  overload  or  increase  in  engine  power.  A so-called  10-horse- 
power farm  engine  may  thus  be  made  to  give  25  or  30  horsepower  for  a time,  with, 
of  course,  a corresponding  increase  in  steam  consumption.  This  cannot  be  done 
with  any  other  type  of  engine  or  motor.  The  output  of  kerosene  and  gasoline 
engines  is  definitely  limited  by  certain  features  of  their  construction. 

Another  and,  in  some  cases,  an  important  advantage  in  the  use  of  steam  power 
is  the  possibility  of  using  the  exhaust  steam  about  the  farm  to  heat  water  for  wash- 
ing or  other  purpose  or  for  the  heating  of  the  house,  shop,  or  other  buildings. 
Where  these  things  are  desirable,  steam  power  must  be  considered. 

It  is  seldom  advisable  to  purchase  small-sized  steam  plants — 2-  or  3-horse- 
power— as  they  are  almost  invariably  carelessly  and  poorly  made  and,  at  best, 
extremely  uneconomical.  Even  comparative  economy  of  operation  of  steam 
equipment  cannot,  in  fact,  be  reached  in  anything  short  of  20  or  30  horsepower; 
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and  even  this  size  of 
plant  suffers  by  com- 
parison with  a kero- 
sene-engine outfit,  ex- 
cept in  the  special  cases 
mentioned  above. 

In  attendance  and  > 
care  required,  the  steam  V 

plant  is  more  exacting  ^ 

than  any  other  source 
of  power.  In  cost  of  (S3 
operation,  including  la-  ' V 
bor,  it  is  usually  more  V 
costly.  A great  disad- 
vantage lies  in  the  fact  R) 
that  initial  labor  and  for. 
considerable  fuel  con-  que” 


sumption  take  place  before  the  plant  is  ready  for  work  in  the  morning;  and,  if  it 
is  worked  up  to  its  proper  capacity,  the  end  of  the  day  finds  a boiler  full  of 
steam  and  a fire  pot  full  of  partially  consumed  fuel.  All  this  is  wasted  unless  there 
is  some  secondary  use  for  steam  from  the  power  plant. 

The  steam  plant,  although  requiring  a great  deal  of  care  and  attention  because 
of  the  possibility  of  explosion  owing  to  too  great  a steam  pressure,  or  of  destruc- 
tion on  account  of  lack  of  water  in  the  boiler,  is  not,  as  built  for  farm  use,  a very 
complicated  outfit.  There  are  several  types,  differing  largely  in  degrees  of  porta- 
bility. In  the  usual  form,  the  engine  is  mounted  directly  on  a horizontal  boiler 
which,  in  turn,  is  on  a light-wheeled  frame.  With  this  it  is  not  possible  to  use 
economically  the  many  refinements  available  for  stationary  plants,  especially 
those  used  m large-sized  stations,  such  as  are  found  in  our  towns  and  cities  for 


electric  lighting. 

The  essential  parts  of  any  steam-power  plant  are:  (1)  a boiler  or  container  in 
which  water  can  be  heated  to  steam  and  (2)  an  engine  in  which  the  steam  can  be 
made  to  expand  and  exert  pressure  continually.  These  are  the  only  fundamental 
parts.  There  are  all  sorts  of  additional  arrangements  and  devices  used  with  each 
part  of  the  plant,  either  to  save  labor  or  to  insure  safety  of  operation.  On  the 
boiler,  for  example,  there  is  a gauge  glass  to  show  directly  the  height  of  water, 
and  try  cocks  to  indicate  by  trial  the  presence  of  water  in  its  proper  place  and 
steam  in  its  place.  There  is  always  a pressure  gauge  to  show  what  the  steam 
pressure  is,  and  a safety  valve  which  operates  ana  releases  the  steam,  if  the  pres- 
sure becomes  too  great  for  safety.  Usually,  an  additional  safety  device,  called  a 
fusible  plug,  is  installed.  This  plug  is  arranged  to  melt,  if  the  water  gets  too  low 
and  the  boiler  thus  becomes  too  hot.  When  the  plug  melts,  the  steam  blows  on 
the  fire  and  puts  it  out.  Some  boilers  are  fitted  with  a feed-water  heater  which 
heats  the  water  before  it  goes  into  the  boiler,  the  heat  required  being  usually 
furnished  by  the  exhaust  steam  from  the  engine  and  occasionally  by  the  hot  gases 
passing  up  the  smokestack.  The  latter  arrangement  is  called  an  “economizer,” 
and  is  seldom  found  in  any  but  large  stationary  steam  plants. 


Boilers 

Water-tube  and  fire-tube  types.  The 
steam  boiler,  which  is  usually  cylindrical  in 
shape  for  small  installations,  may  be  either 
vertical  or  horizontal.  The  vertical  type 


saves  floor  space  and  is  most  used  indoors. 
Sometimes  the  water  circulates  through  a 
network  of  pipes  which  are  surrounded  by 
hot  gases  from  the  fire.  This  is  called  a 
water-tube  boiler.  Very  often  the  water  is 
in  a large  container  through  which  a number 
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of  tubes  or  flues  pass,  these  tubes  carrying 
the  hot  gases  through  the  mass  of  water  on 
their  way  to  the  smokestack.  This  is  the 
fire-tube  type.  In  this  type,  also,  the  fire 
box  is  almost  entirely  surrounded  by  water. 

Locomotive  type.  The  locomotive  type 
of  boiler  is  most  used  for  portable  purposes 
and  is  always  used  on  steam  tractors.  It  is 
a horizontal,  fire-tube  type,  with  an  enlarge- 
ment of  the  shell  of  the  boiler  at  one  end  to 
iorm  the  fire  box.  The  water  surrounds  the 
fire  box.  Above  the  water  space  and  at- 
tached to  the  top  side  of  the  cylinder  is  a 
small  chamber,  called  the  steam  dome,  from 
which  the  steam  is  drawn  to  the  engine.  This 
arrangement  is  made  to  prevent  the  steam, 
as  it  is  drawn  off,  carrying  water  spray  with 
it.  The  steam  dome  thus  helps  to  make 
available  dry  steam.  Occasionally,  the  steam 
drawn  from  the  boiler  is  also  passed  through 
a collection  of  highly  heated  tubes,  called  a 
superheater,  which  raises  the  temperature 
above  the  normal  boiling  point  of  water. 

Grates.  The  grate  design  depends  on  the 
fuel  to  be  used.  Most  farm  boilers  have  in- 
terchangeable grate  riggings.  The  grate  with 
smaller  openings  is  used  for  cobs  and  wood 
and  other  similar  fuels.  Where  straw  is 
used,  still  further  changes  are  made.  The 
straw,  being  light  in  weight,  is  quick-burning, 
and  flashy.  To  prevent  its  waste,  deflectors  are 
frequently  used  to  prevent  the  draft  carrying 
the  flaming  straw  through  the  tubes,  and  a 
supplementary  grate  is  used  below  the  main 
grate  to  catch  such  particles  as  fall  without 
being  entirely  consumed.  Combustion  of 
these  particles  is  completed  on  this  grate  and 
thus  a considerable  heat  saving  is  effected. 

Traction  engines.  In  many  cases,  par- 
ticularly with  traction  engines,  there  is  some 
way  provided  for  increasing  the  draft  and 
thus  forcing  the  fire  to  burn  more  rapidly. 
The  usual  way  is  to  exhaust  the  steam  from 
the  engine  up  the  stack.  The  steam  rushing 
up  the  stack  under  pressure  creates 
a suction  and  draws  air  rapidly 
through  the  grate.  Of  course,  when 
the  engine  is  not  running,  live  steam 


Fig.  278.  Sectional  view 
of  one  type  of  injector.  When 
steam  as  turned  on  through 
V,  it  creates  a suction  in  the 
narrow  parts  R and  S,  which 
draws  water  in  through  the 
supply  pipe  and  starts  it  on 
its  way  into  the  boiler. 


from  the  boiler  must 
be  substituted. 

When  this  is  done, 
only  a small  jet  is 
used.  With  forced 
draft  on  traction  en- 
gines, some  form  of 
8pa|nk  arrester  is 
needed  in  the  stack. 

This  is  usually  a wire 
screen  formed  into 
a cone  and  filling  the 
stack.  Occasionally, 
a sharp  turn  in  the 
smoke  path  is  pro- 
vided; and  this  sepa- 
rates the  heavy 
sparks  from  the 
smoke.  The  heavy 
particles  strike  the 
side  of  the  bend,  lose 
their  inertia,  and  fall 
into  a receptacle 
placed  to  receive 
them.  The  smoke,  however,  being  of  a gase- 
ous nature,  makes  the  turn. 

Injectors.  To  deliver  water  to  the  boiler 
without  the  use  of  a feed-water  pump,  the 
steam  injector  is  sometimes  used.  It  is 
practically  universal  in  locomotive  work;  but 
in  stationary  plants  it  is  not  so  frequent  as  a 
main  method  of  delivering  water.  Small 
boilers  are  frequently  equipped  with  some 
type  of  injector;  and  it  is  a desirable  thing  to 
know  something  about  its  use.  In  a sense,  it 
acts  like  the  atomizer  spray.  There  are  2 
intakes:  one  for  steam  under  pressure  and 
the  other  for  water.  The  steam  rushing  in 
over  the  water  intake  partially  exhausts  the 
air  and  draws  water  up  the  tube.  The  steam 
condenses  on  meeting  the  water,  and  gives 
to  the  water  considerable  motion.  The  water 
is  thus  forced  through  a check  valve  into  the 
boiler.  This  is  the  simplest  form,  and  illus- 
trates the  action  of  all  types.  The  trouble- 
some features  about  the  use  of  the  injector 
are:  (1)  its  inability  to  handle  hot  water 
because  the  vacuum  action  causes  the  water, 


•OLSTEN  PLAT* 

Fig.  279.  Section  through  a horizontal,  locomotive  type  boiler  such 
liVJ  as  is  used  on  steam  tractors.  Grate  arrangements  can  be  substituted 
Pfc<yp  80  that  wood,  straw  or  other  handy  fuel  may  be  used  instead  of  coaL 
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If  hot,  to  flash  into  steam;  (2)  the  uncertainty  able  time  necessary  for  spreading;  but  quick 
of  operation  except  under  proper  working  and  careful  work  will  cut  this  time  down  to  a 
conditions;  and  (3)  its  lack  of  flexibility,  that  minimum. 

is,  the  difficulty  of  maintaining  it  in  operation  The  two  processes  “banking”  and  “draw- 
under  varying  conditions  of  load.  On  the  ing”  should  be  mastered.  If  a boiler  is  used 
other  hand,  the  injector  is  self-acting  by  constantly  every  day,  it  is  usually  considered 
means  of  the  boiler  pressure,  and  the  steam  more  economical  to  bank  the  fire  overnight, 
used  serves  to  heat  the  water  as  it  is  fed  into  rather  than  build  a new  fire  each  day.  Fre- 
the  boiler.  Nevertheless,  even  with  these  quently,  too,  fires  must  be  banked  to  prevent 
advantages,  the  injector  is  a great  waster  of  a rise  in  pressure  during  the  day  if,  for  example 

heat  as  a mere  pump.  Its  efficiency  lies  in  the  fire  is  bright  and  the  engine  is  shut  down 

its  combination  action  as  pump  and  feed-  for  a while.  Banking  is  usually  accomplished 
water  heater.  For  these  purposes,  it  is  a by  covering  the  fire  with  ashes  or  screenings 

proper  device  for  small  single-unit  boilers,  or  fresh  coal,  and  closing  all  drafts.  Some- 

being  less  expensive,  usually,  than  the  times  the  fire-pot  door  is  left  ajar.  Drawing 
apparatus  which  it  is  designed  to  replace.  a fire  should  never  be  attempted  without 

Care  of  the  boiler.  Proper  care  of  the  boiler  first  lowering  the  heat  of  the  fire  by  smothering 
means  attention  to  only1  6 main  points:  (1)  with  dirt  or  ashes  or,  if  need  be,  fresh  coal, 

there  must  be  a proper  amount  of  dean  water  After  smothering  to  some  extent,  the  fire 

in  the  boiler;  (2)  there  must  be  a deep,  dean  may  be  drawn  rapidly  without  the  terrific 

fire  on  the  grate;  (3)  the  pressure  of  steam  flare  which  would  result  if  it  were  drawn  while 

must  be  kept  reasonably  constant  at  the  glowing.  The  fire  should  always  be  drawn  to 

proper  gauge  reading;  (4)  the  boiler  it-  cool  the  boiler  quickly  or  to  remedy  any 

self  must  be  kept  dean  and  in  good  repair;  (5)  condition  caused  by  extremely  low  water, 

all  accessories  should  be  kept  in  perfect  The  size  of  a boiler  is  usually  stated  in 

working  order.  terms  of  capadty  and  the  quality  or  economy* 

Where  water  is  dirty  or  impure,  foaming  is  of  action.  The  former  is  given  in  boiler 

likely  to  result.  The  water  will  rise  and  fall  horsepower;  the  latter,  in  pounds  of  steam 

in  the  gauge  glass,  the  engine  will  lose  power,  evaporated  per  pound  of  coal.  The  stand- 
and  water  is  very  likely  to  be  carried  over  ards  used  vary  considerably  and  are  most 
with  the  steam  into  the  engine,  causing  a sort  unfortunate  in  many  respects.  The  horse- 
of  clicking  noise.  If  this  condition  persists,  power  standard  adopted  by  one  leading 
damage  will  result.  engineers'  society  says  that  the  equivalent 

Almost  all  water  has  in  solution  something  of  1 boiler  horsepower  is  the  evaporation  of 

which  is  detrimental  to  the  best  operation  of  30  pounds  of  water  at  100  degrees  under  a 

the  boiler.  Soft  water  is  apt  to  eat  into  the  gauge  pressure  of  70  pounds.  Another  way 

boiler  and  accessories  because  of  its  probable  of  rating  is  to  take  from  10  to  14  square  feet 

acidity,  while  hard  waters  are  sure  to  cause  of  heating  surface  of  the  boiler  as  the  equiva- 

a scale.  Continual  cleaning  of  the  boiler  lent  of  a boiler  horsepower.  Still  a third 

and  the  careful  use  of  soda  ash  with  soft  approximate  method  of  rating,  only  occa- 

scale  is  usually  advisable.  If  the  scale  be-  sionallv  used,  is  to  consider  one  half  a square 

comes  hard,  one  of  the  many  boiler  compounds  foot  of  grate  surface  as  equivalent  to  1 horse- 

made  for  this  special  purpose  is  neces-  power.  Except  in  the  case  of  marine  boilers, 

sary.  this  rating  has  nothing  whatever  to  do  with 

To  keep  a deep,  clean,  bright  fire  all  through,  the  horsepower  of  the  connected  engine.  In 

continual  watchfulness  is  essential.  Clink-  marine  work,  however,  the  horsepower  of  the 

ers  must  be  kept  loose  from  the  grate  and  the  boilers  is  uniformly  spoken  of  as  the  horse- 

furnace  cleaned  entirely  once  in  a while,  power  of  the  engines  which  they  serve. 

The  method  of  firing  is  important  also.  The  The  economy  of  boilers  depends  so  much 
fresh  coal  is  usually  placed  near  the  door  and  on  the  handling  of  them  that  little  can  be 

spread  back  after  coking.  In  this  way  a said  about  this  feature.  The  amount  of  coal 

bright  fire  is  maintained  even  when  a fresh  consumed  in  the  average  farm  boiler  per 

charge  is  put  in,  and  the  gases  of  the  fresh  horsepower  of  engine  output  varies  from  60 

coal  are  entirely  consumed  in  passing  over  the  to  80  pounds  per  day  with  ordinary  firing, 

bright  coals  in  the  rear.  The  principal  dis-  With  expert  firing  this  could  probably  be  cut 

advantage  In  this  method  of  firing  is  the  main-  down  to  perhaps  40  pounds.  Such  firing, 

tenance  of  an  open  door  during  the  consider-  however,  is  almost  never  available. 


Engines 

Next  to  the  boiler  which  furnishes  the  steam,  the  important  link  in  the  power 
chain  is  the  engine  which  utilizes  the  steam.  The  former  is  essentially  very  sim- 
ple. The  latter,  although  it  looks  complicated,  is  in  reality  just  as  simple.  In  a 
cylinder  of  smooth  bore  a piston  fits  and  slides  freely  to  and  fro.  This  piston 
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Fig.  280.  Section  through  a steam  engine  cylinder 
and  valve.  Steam  from  the  chest  passes  through  the 
port  (C)  into  the  rear  end  of  cylinder  (D)  and  against  pis- 
ton (E)  which  it  forces  toward  the  front  end  (F).  At 
the  same  time  the  steam  previously  used  is  forced  out 
through  port  (G)  into  the  exhaust  chamber  (H)  and 
through  port  (I)  into  the  air.  By  this  time  the  valve 
(B)  has  shifted  and  begins  to  admit  steam  through  (G)  and 
let  it  out  through  (C).  thus  driving  the  piston  back  again. 
The  piston  rod  (K)  acts  on  the  fly-  or  driving-wheel 


is  actuated  by  the  live  steam  from  the 
boiler,  which  is,  of  course,  at  a pressure, 
usually  considerable;  in  stationary  boil- 
ers of  small  size,  it  runs  from  69  to  150 
pounds  gauge.  This  live  steam  is  ad- 
mitted to  one  side  of  the  piston  by  a valve 
mechanism  which,  at  the  same  time, 
opens  the  other  side  of  the  piston  to  the 
atmosphere  or,  in  condensing  engines,  to 
more  or  less  of  a vacuum.  Consequently, 
the  force  of  the  live  steam  moves  the  pis- 
ton and  thus  operates  the  flywheel  and 
the  power  shaft.  The  valve  mechanism 
is  operated  by  an  eccentric  on  the  power 
shaft  or  connected  with  it,  so  that  when 
the  piston  reaches  the  end  of  its  stroke 
the  valve  shifts  to  reverse  the  side  on 
which  the  steam  pressure  acts.  This  re- 
versal together  with  the  momentum  of 
the  flywheel  forces  the  piston  back  on  the 
return  stroke. 

Various  refinements  of  this  valve 


mechanism  are  available,  so  that  the  steam  may  be  admitted  during  varying 
lengths  of  time  and  then  allowed  to  expand  in  the  cylinder,  thus  reducing  its 
pressure  as  it  acts  on  the  piston,  and  permitting  exhaust  at  a considerably  lower 
temperature  and  pressure.  This  results  in  much  greater  engine  economy  than  if 

the  steam  were  used  directly  at  boiler  pressure 
throughout  the  stroke.  In  this  connection, 
T~| ' 1 'jfp>  it  should  be  stated  that  the  correct  setting  of 

1LJ  the  valves  on  an  engine  is  probably  the  most 

-• ' ~ — I important  thing  about  the  economical  running 

T§  c Ijlfij  HP  of  this  mechanism.  There  are  4 points  in- 

volved: (1)  the  opening  of  the  port  for  the 
— - I ' admission  of  live  steam  immediately  before 

tj | y 1 ’i  the  piston  reaches  the  ©ad  of  its  return  stroke; 

V ’•  y v~— R — N i ] (2)  the  cutting  off  of  the  live  steam  at  the 

J | i \ I proper  point  for  true  economy  in  the  work 

C'  tail  Hr  being  done.  This  may  be  at  one  fourth  or 

a ^ one  third  or  one  half  of  the  stroke  and  does 

| vary  from  time  to  time;  (3)  the  release  of  the 

I '"\  vjfr  exhaust  steam  at  the  proper  point,  which  is 

just  before  the  end  of  the  forward  piston  stroke; 
and  (4)  the  closing  of  the  exhaust  port  suffi- 
1®  c HP  ciently  early  to  retain  a small  amount  of  steam 

in  the  cylinder  for  cushioning  purposes.  This 
steam  is  compressed  as  the  piston  nears  the  end 
vj  *^  | rJ  of  the  back  stroke,  frequently  making  the  pres- 

v-  :■  V v v-  ■*-<  sure  against  which  the  live  steam  is  first  ad- 

i — — — — , . i — ^ ! I mitted  a considerable  amoimt. 

c — *"  liiSI  L/  This  process  of  obtaining  power  is  very 

fig.  281.  The  valve  and  ports  of  a steam  f»mple  and,  of  course,  very  old;  and  it  is.  in 

engine  illustrating  the  four  positions  referred  to  fact,  Very  Wasteful.  Ill  SOme  BUgllieS,  leSS 

Stowf&amte.  y the  than  2 per  cent  of  the  heat  supplied  is  avail- 


///",/////////AK 

,f\  v Hr 


^tt) 

yrl 


Digitized  by  v^.ooQle 


STEAM  ENGINES 


185 


able  for  useful  work.  In  the  best  engines  with  all  refinements,  not  more  than 
18  per  cent  is  available.  The  great  loss  of  heat  is  in  the  exhaust  steam, 
which  is  discharged  from  the  engine  and  can  do  no  more  useful  work  so  far  as 
the  engine  is  concerned.  If  this  source  of  heat  can  be  adequately  utilized 
for  any  other  purpose,  as  described  at  the  beginning  of  this  article,  the  lack  of 
engine  economy  is  not  so  discouraging. 


Svernor.  While  in  most 
pnes  the  control  of  vari- 
ations in  speed  during 
different  parts  of  a 
single  revolution  is 
taken  care  of  by  the 
action  of  the  flywheel, 
yettiie  regulation  of 
3peed7  revolution  after 
ution,  must  be  handled 
>me  control  of  the  steam 
ure.  The  supply  from 
►oiler  at  all  times  must 
st  enough  to  handle  the 
without  slowing  down 
Fig.  282.  Fly-  under  heavy  loads  or  speed- 
ball  type  of  gover-  ing  up  under  light  loads. 

admiasion^ofeteam  “ arranged  in  any  one 
into  the  cylinder  is  of  a number  of  ways  on  van- 
automatically  regu-  ous  types  of  engines  apt  to 
lated-  be  found  on  the  farm. 

The  governor  may  operate  the  throttle  and 
act  equivalent  to  changing  the  boiler  pres- 
sure; it  may  act  to  cut  off  the  live  steam  at 
some  point  in  the  stroke,  and  thus  determine 
the  expansion. 

The  common  form  of  governor  is  the  fly- 
ball  type.  The  centrifugal  action  of  rotation 
throws  the  balls  out,  and  in  so  doing  raises 
the  slide  and  operates  some  type  of  valve. 
Promptness  of  action  and  delicacy  of  adjust- 
ment are  essential  features  which  must  be 


looked  after  in  design.  The  resisting  force 
against  which  such  a governor  acts  is  the 
weight  of  the  balls,  although  some  types  use 
a spring  in  place  of  depending  on  gravity 
action. 

The  location  of  the  governor  is  not  impor- 
tant, except  as  it  avoids  complication  of 
machinery  and  action.  If  designed  to  reg- 
ulate the  pressure,  it  is  usually  placed  on  a 
vertical  shaft,  balls  being  suspended  from  the 
shaft  by  hinged  arms  or  rods  sloping  to  either 
side  with  the  balls  on  their  extremities,  con- 
necting links  extending  down  to  a sleeve 
which  slides  up  and  down  on  the  shaft  and 
operates  directly  or  through  mechanism  to  a 
valve  on  the  steam  line.  In  some  cases  the 
governor  is  placed  on  the  flywheel,  the 
weighted  or  spring-controlled  arms  being 
pivoted  to  the  wheel  spokes  and  operating 
directly  a rod  which  affects  the  eccentric 
mounted  on  the  same  shaft.  This  eccentric 
determines  the  position  of  live  steam  cut  off 
in  the  steam  chest.  The  governor  thus  reg- 
ulates the  amount  of  steam  admitted  and  the 
ratio  of  expansion  in  the  cylinder.  This 
type  is  called  the  automatic  cut-off.  It  is 


perhaps  more  often  found  on  high-grade 
engines  which  operate  at  high  speed. 

Classifications  of  engines.  There  are  a 
number  of  classifications  for  engines  which 
should  be  mentioned.  The  kind  of  work  to 
be  done  determines  whether  the  engine  should 
be  (1)  stationary;  (2)  portable;  (3)  traction,  or 
(4)  marine.  Their  speed  divides  engines  into 
(1)  high-speed,  and  (2)  low-speed.  Whether 
the  engine  exhausts  into  the  air  or  into  some 
sort  of  condenser,  determines  it  to  be  (1) 
non-condensing,  or  (2)  condensing.  Whether 
the  steam  goes  on  both  sides  or  on  only  one 
side  of  the  piston  makes  it  (1)  double-acting, 
or  (2)  single-acting.  If  the  steam  exhausts 
from  the  cylinder  of  one  engine  to  a larger 
cylinder  of  another  engine,  built  to  utilize 
low-pressure  exhaust  steam,  it  may  be  a 
compound  engine.  Most  farm  engines  are 
high-speed,  non-condensing,  single-  or  double- 
acting, and  may  occasionally  be  compound, 
though  oftener  they  are  single  1-cylinder  rigs. 
Of  course,  stationary,  portable,  and  traction 
types  are  frequently  used. 


Fig.  283.  Sectional  view  of  an  indicator  for  measuring 
the  horsepower  of  an  engine.  The  inset  shows  a typical 
indicator  diagram  or  curve. 
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power,”  written  B.  H.  P.  The  indicated  horse- 
power of  a steam  engine  is  the  mechanical  work 
done  in  a certain  time  by  the  steam  acting  on 
the  piston.  Some  of  that  work  goes  to  run  the 
engine  itself,  overcoming  the  friction  of  the 
bearings  and  the  drag  of  the  moving  parts,  so 
that  only  a portion  of  the  force  exerted  can 
be  delivered  to  the  belt  pulley.  The  work 
which  can  be  done  by  this  portion  at  the 
pulley  in  a certain  length  of  time  is  the  brake 
norsepower. 

To  measure  the  indicated  horsepower  of  a 
steam  or  oil  engine,  an  instrument  known  as 
the  “indicator”  is  used  (Fig.  283).  There  is  a 
cylinder  to  which  steam  or  explosion  pressure 
is  admitted  from  the  engine  cylinder.  The 
pressure  forces  the  piston  back  against  the 
resistance  of  a coiled  spring,  which  has  been 
experimented  with  previously,  so  that  the 
pressure  exerted  by  the  steam  on  the  little 
piston  is  known  from  the  amount  the  spring  is 
compressed.  As  the  area  of  the  small  piston 
is  usually  just  one  square  inch,  the  pressure 
indicated  by  the  compression  of  the  spring 
is  the  pressure  per  square  inch  of  the  engine 
piston.  So,  if  we  multiply  this  indicated 
pressure  by  the  total  area  of  the  engine  piston, 
the  result  obtained  is  the  total  steam  pressure 
on  the  engine  piston.  This  varies  continually, 
on  account  of  the  movement  of  the  piston 
and  the  expansion  of  the  steam. 

Indicator  diagrams.  There  is,  also,  on  the 
indicator  a rotating  drum  which  turns 
through  a distance  proportional  to  the  stroke 
of  the  engine  piston.  A pencil  is  so  arranged 
that  it  moves  up  and  down  with  the  indicator 
piston;  and  as  the  drum  rotates  beneath  the 
pencil  the  latter  draws  a diagram  with  its 
length  proportional  to  the  engine  stroke,  and 
its  height  proportional  to  the  pressure  on  the 
engine  piston.  In  Fig.  283  is  shown  the  shape 
of  such  a diagram  for  a steam  engine,  which 
is  known  as  an  “indicator  diagram. 9 Oil- 
engine cards  are  similar,  but  narrow.  Mathe- 
matical calculations  show  that  the  area  of  such 
a diagram  as  this  is  proportional  to  the  prod- 
uct of  the  average  pressure  on  the  piston 
during  the  stroke  and  the  length  of  the  stroke. 
In  other  words,  the  area  of  this  diagram  is 


Pig.  284.  One  form  of  prony  brake.  The  pull  or 
weight  on  the  arm.  caused  Dy  the  friction  of  the  wheel 
against  the  belt  is  read  on  the  spring  balance  shown  at- 
tached between  the  lever  arm  and  the  floor  at  the  right. 


proportional  to  the  work  done  on  the  piston 
of  the  engine  by  the  steam  during  one  stroke, 
so  that,  knowing  the  number  of  strokes  per 
minute  made  by  the  engine  piston,  we  may 
easily  find  the  work  done  per  minute.  This, 
divided  by  33,000,  gives  the  indicated  horse- 
power (I.  H.  P.)  of  the  engine,  because  33,000 
foot  pounds  per  minute  equal  1 horsepower. 

The  prony  brake.  To  measure  the  brake 
horsepower  (B.  H.  P.)  of  any  engine,  an  instru- 
ment known  as  the  “prony  brake”  or,  more 
technically,  “the  absorption  dynamometer,” 
(Fig.  284)  is  used.  This  consists  of  a band 
which  may  be  tightened  around  the  engine 
pulley,  creating  great  friction  on  the  pulley 
and  requiring  constant  force  acting  to  over- 
come this  friction.  As  this  force  is  acting 
constantly  on  the  rim  of  the  pulley,  in  one  revo- 
lution of  the  pulley  the  force  acts  through  a 
distance  equal  to  the  circumference  of  the 
pulley.  The  circumference  is  3|  times  the 
diameter.  The  product  of  the  length  of  the 
circumference  and  the  force  of  friction  acting 
will  give  the  work  done  in  one  revolution. 
Then  by  counting  the  number  of  revolutions 
per  minute  and  multiplying  this  number  by  the 
work  done  in  one  revolution  and  dividing  by 
33,000,  we  get  the  brake  horsepower. 

It  is  difficult  to  measure  the  force  of  friction 
directly,  so  that  it  is  measured  by  suspending 
weights  on  the  end  of  a long  arm  (Fig.  284). 
By  the  principle  of  the  lever,  the  force  acting 
at  the  circumference  of  the  wheel  is  to  the 
force  exerted  by  the  weights  at  the  end  of  the 
arm  as  the  length  of  the  arm  measured  from 
the  centre  of  the  shaft  is  to  the  radius  of  the 
wheel  or  pulley.  That  is, 

Friction  force  Length  of  arm 
Weights  Radius 

and  hence 

Length  of  arm  x weights 

Friction  force  — 

Radius  of  Pulley. 

And  the  horsepower,  as  stated  above,  being 
friction  force  times  the  circumference  times 
the  number  of  revolutions  per  minute  (written 
R.  P.  M.)  divided  by  33,000  will  give  the  fol- 
lowing value  for  brake  horsepower  (B.  H.  P.) 
by  substituting  the  value  of  the  friction  force 
found  above: 

B.  H.  P.  - 

Length  of  arm  x weights  x3}x  pulley  diam.  x R.  P.  M. 


Radius  of  wheel  x 33,000. 

Length  of  Arm  x weights  x x 2 x R.  P.  M. 

equals  

33,000 

because  the  diameter  is  twice  the  radius  and 
we  may  divide  them. 

If,  now,  we  take  pains  to  have  the  length 
of  the  arm  measured  from  the  engine  shaft 
to  the  weights,  just  3J  feet  long,  the  formula 
becomes  simplified  and  we  obtain,  by  dividing: 

Weights  x R.  P.  M. 

B.  H.  P.  - .. 

1,500 
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The  belt  which  creates  the  friction  is  usually 
made  of  heavy  canvas,  held  by  springs  at 
one  end,  while  a turabuckle  is  used  at  the 
other  end,  in  order  that  the  belt  may  be 
tightened  at  will  and  the  force  of  friction 
increased.  In  long-continued  tests,  it  is 
frequently  found  necessary  to  throw  water 
over  the  belt  and  pulley  to  keep  them  cool. 
In  place  of  the  weights,  a spring  balance  may 
be  used,  care  being  taken  that  the  turning 
direction  of  the  pulley  is  such  as  to  puQ 
against  the  balance.  With  small  engines, 
up  to  10-  or  12-horoepower,  a balance  reading 
to  25  pounds  is  large  enough. 

Gasoline  and  other  oil  engines  for  farm  use 
are  usually  rated  at  their  tested  brake  horse- 
power, but  the  power  of  steam  engines,  un- 
fortunately, is  not  so  accurately  stated. 
The  commercial  power  rating  of  steam  engines 
is  ordinarily  only  one  half  or  one  third  of 
what  they  actually  will  do  under  test.  The 
custom  in  making  calculations  is  to  assume 
that  a steam  engine  of  any  specified  rating 
will  give  the  same  power  as  a gasoline  engine 
of  twice  the  rating. 

An  engine  is  usually  rated  by  the  amount 
of  work  it  will  do  continuously.  This  is  true 
of  all  stationary  steam  engines.  Traction 
steam  engines,  however,  are  given  their  com- 
mercial rating  by  manufacturers,  this  being 
usually  only  about  a third  of  their  actual 
horsepower,  as  shown  by  tests.  It  is  obvi- 
ously not  satisfactory  to  compare  traction 
engines  rated  at  any  given  horsepower  with 
other  engines,  either  stationary  steam  or  any 
kind  of  kerosene  or  gasoline  types. 

Lubrication.  The  essential  points  in  oper- 
ating a steam  engine  are  the  bearings  and 
lubncation  in  general.  The  bearings  must 
be  kept  sufficiently  tight  though  not  tight 
enough  to  cause  heating.  As  the  bearing 
wears,  it  must  be  taken  up.  Each  bear- 
ing must  be  kept  fully  lubricated  with  the 
proper  kind  of  lubricant.  Any  old  thing  will 
not  do  for  the  lubrication  of  a steam  engine. 
The  oil  used  for  the  cylinder  is  very  heavy, 
as  it  must  stand  the  high  heats  and  pressures 
of  the  cylinder  and  steam  chest.  For  the 

S laces  requiring  oil  outside  of  the  cylinder,  a 
ght  oil  is  satisfactory,  but  it  should  be  of 
good  quality. 

Owing  to  the  pressures  on  some,  bearings 
and  the  pressure  within  the  cylinder  and 
steam  chest,  some  form  of  device  for  forcing 
oil  into  these  has  been  found  necessary. 
Usually,  some  form  of  steam-operated  oil 
cup  is  used.  In  the  most  common  type,  out- 
side of  a direct  steam-pressure-operated 
force  feed,  the  steam  passes  m one  side  of  the 
oil,  condenses,  and  forms  a partial  vacuum 
which  pennits  the  pressure  on  the  other  side 
to  force  oil  along  the  lubrication  pipes. 

Prices.  It  is  difficult  to  say  much  about 
prices  because  of  the  wide  variation  between 


manufacturers  and  between  types  and  sizes 
of  engines.  Boilers  erected  will  run  from  $10 
to  $15  per  horsepower  of  engine  which  they 
serve.  The  engine  will  cost  from  $15  to 
$25  per  horsepower,  depending  on  whether 
high-  or  low-speed,  whether  simple  or  com- 
ound, and  whether  small  or  large,  well- 
uilt  or  just  fairly  built.  The  life  of  good 
equipment  should  be  15  or  20  years  at 
least. 

Starting  up  and  stopping.  In  operating 
a farm  steam  engine,  the  greatest  care  should 
be  taken  in  starting  up.  With  cold  cylinders 
into  which  steam  is  turned,  there  is  bound  to 
be  considerable  condensation  of  the  steam 
on  the  cylinder  walls.  The  operator  in 
starting,  therefore,  should  be  careful  first  to 
open  the  cylinder  cocks,  allowing  any  water 
collected  to  flow  out.  They  should  oe  kept 
opened  as  long  as  the  engine  is  being  warmed 
up.  The  drainage  cocks  on  the  steam  chest 
should  also  be  opened.  Then  the  throttle 
should  be  opened  slightly,  and  the  engine 
allowed  to  warm  up  slowly  before  throwing 
the  throttle  wide  open.  If  possible,  both 
ends  of  the  cylinder  may  be  warmed  at  once. 
When  the  engine  reaches  full  speed,  close  all 
cocks,  open  up  the  lubricating  devices,  and 
the  engine  is  ready  for  work. 

In  stopping,  reverse  the  operation.  Close 
the  throttle  and  open  up  the  various  cocks. 
Close  the  lubricators.  Wipe  off  each  working 

Kwith  a bunch  of  waste,  watching  care- 
for  a loose  nut,  a worn  bearing,  a scored 
wearing  surface,  or  other  trouble.  Constant 
vigilance  and  care  mean  the  prolongation  of 
the  life  of  the  engine  and  thus  pay  bounti- 
fully in  actual  cash  saved. 

Steam-plant  troubles.  In  the  above 
discussion  the  various  essentials  of  the  steam- 
plant  operation  are  described.  It  is  lack  of 
attention  to  these  essentials  which  causes 
trouble  to  develop.  With  most  difficulties, 
the  result  is  serious  as  regards  the  plant, 
because  of  the  temperature  and  force  which 
are  handled.  The  only  troubles  likely  to 
occur  are  owing  to  (1)  loose  parts  or  (2) 
improper  lubrication. 

Looseness  of  parts  may  be  detected  by  ear 
and  by  careful  inspection  when  shutting 
down  and  before  starting  up.  It  must  be 
remedied  at  once,  or  serious  smash-ups  may 
occur. 

Lubrication  must  be  properly  carried  out 
according  to  the  manufacturer’s  instructions, 
or  the  parts  will  heat,  expand,  and  bind. 
The  result  is  a shutdown,  a wait  for  cooling, 
and  thorough  lubrication  after  inspection. 
If,  on  inspection,  injury  to  the  parts  is  found 
to  exist,  new  parts  must  be  provided  or  the 
old  part  repaired.  Lade  of  lubrication  with 
first-dass  oils  and  greases  always  ultimately 
costs  a great  deal  more  than  proper  attention 
in  the  first  place. 
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Electricity 
on  the  Farm 


ByVf.K.  Freudenberger,  who,  though  an  engineer  by  profession,  has  never  lost  touch  with  the 
farm  conditions  and  environment  amid  which  he  was  bom  and  brought  up.  Until  entering  college 
he  lived  on  a farm  in  Moniteau  County,  Mo.  Since  graduating  from  the  University  of  Missouri, 
he  has  practised  electrical  engineering.  For  about  1 0 years  he  was  in  charge  of  the  light  aud  power 
work  with  the  U.  S.  Steel  Corporation,  the  American  Smelting  and  Refining  Co.,  and  the  Colorado 
Fuel  and  Iron  Co.  Then,  for  six  and  a half  years,  he  was  chief  engineer  of  the  Public  Service  Com- 
mission of  Nevada.  At  present  he  is  with  the  similar  commission  of  his  home  stale.  Meanwhile  he 
has  found  time  to  complete  a special  course  in  agriculture  at  the  University  of  Missouri  and  to  man- 
age, with  marked  success  for  l\  years,  a large  farm  near  Columbia. — Editor. 


ELECTRICITY  is  the  principal  source  of  light  and  power  for  most  classes  of 
people  in  this  country — except  farmers.  However,  they,  also,  should  make 
more  general  use  of  electricity  for  these  purposes,  because  (1)  it  produces  a much 
better,  safer,  and  more  convenient  light;  and  (2)  as  power  for  driving  the  numer- 
ous small  machines  about  the  house,  bam,  and  dairy,  it  saves  much  time  and 
hard  work.  Its  use  for  cooking,  ironing,  and  other  household  tasks  and  in  the 
incubator  and  brooder,  also,  is  very  desirable. 

The  average  farmer  knows  how  to  manage  his  farm  and  make  of  it  a profitable 
business  enterprise;  but  many  farmers  who  are  well-to-do  and  know  how  to  make 
money  do  not  know  so  well  how  to  use  it  in  the  best  way  to  obtain  for  themselves 
and  families  those  conveniences,  comforts,  and  niceties  which  alone  make  it 
worth  while  to  accumulate  wealth,  and  which  make  life  pleasant  and  worth  living. 

Rural  life  can  be  made  more  attractive  than  city  life.  In  the  city,  the  struggle 
for  existence  is  incessant,  and  home  life  falls  far  short  of  life  in  the  country  with  its 
pleasant  and  healthful  and  beautiful  surroundings.  Less  hard  labor  and  more 
recreation  are  needed,  however,  to  make  the  average  farmer’s  life  pleasant  and. 
attractive.  Nothing  can  bring  about  these  results  so  surely  as  labor-saving  and 
time-saving  electric  appliances.  Many  city  people  recognize  the  advantages  of 
living  in  the  country,  and  have  country  estates  or  country  homes.  They  surround 
themselves  with  all  the  modem  conveniences,  however;  for,  without  these,  coun- 
try life  would  lose  some  of  its  attractions. 

Advantages  of  the  electric  light.  Electricity  produces  a white,  soft  light 
which  is  pleasant  to  the  eye  and  which 
enables  one  to  do  any  kind  of  work  at 
night  almost  as  well  asinthedaytime.  It 
is  much  more  convenient  than  oil  lamps, 
which  have  to  be  moved  about,  because 
chandeliers,  brackets,  or  cords  may  be 
suspended  from  the  ceiling  or  fixed  to 


K, 

) 


i,  cords, 


and  desk 


thewallwhereverneeded. 
and  drop  lights  provide 
lamps  when  desired.  The  oil  lamp  re- 
quires frequent  cleaning  and  filling,  and 
must  be  lighted  with  a match,  whereas 
electric  globesrequire nothing  more  than 
an  occasional  dusting  and  a washing,  at 
the  regular  house-cleaning  time,  and  the 
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Fig.  285.  Electricity  in  the  home  makes  for  health, 
hospitality,  and  happiness.  The  farmer  is  just  as  en- 
titled to  these  as  the  city  man. 
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If  the  farmer  would  give  his 
implements  the  care  that  a 
carpenter  gives  his  tools,  he 
would  find  their  cost  lessened, 
their  life  lengthened,  and  their 
usefulness  greatly  increased. 


Equipment  promptly  and  carefully  repaired  loses  little  if  anything  in  efficiency  and  saves  both 

time  and  money  for  its  owner 

Every  Tool  and  Machine  That  the  Farmer  Uses  Deserves  Shelter  When  Not  in  Use, 
Intelligent  Handling,  and  Frequent  Overhauling 
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These  instruments,  a knowledge  of  some 
fundamental  principles,  and  a little  practice 
are  all  the  farmer  needs  for  most  of  his  en- 
gineering tasks.  A,  mounted  carpenter’s 
level;  B,  sighting  rod  made  of  a flexible  tape 
tacked  on  a 1 x 4-inch  board;  C,  engineer’s 
level;  D,  self-reading  rod.  (See  Chapter  21.) 


Concrete  and  other  modern  build- 
ing materials  enable  the  farmer  to  do 
most  of  his  construction  work  with- 
out outside  help 


Probably  No  Industry,  Not  Primarily  Engineering  or  Mechanical  in  Nature,  Makes 
as  Much  Use  of  the  Principles  of  These  Sciences  as  Does  Farming 
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light  is  turned  on  and  off  by  simply  pushing  a button  or  turning  a switch. 
Oil  lamps  give  off  an  offensive  odor,  bum  up  the  oxygen  in  the  room,  are 
frequently  smoky  and  sooty,  and  smudge  the  fingers,  while  the  electric  light 
is  clean  and  pleasant  to  use,  gives  off  no  smoke  and  very  little  heat,  and  does  not 
throw  off  any  poisonous  gases. 

There  is  still  another  and  a most  important  advantage  possessed  by  the 
electric  light:  it  is  perfectly  safe  to  use  and  produces  no  name,  whereas  there 
is  always  danger  of  explosions  and  fires  with  oil  lamps  and  lanterns  from  the 
use  of  matches  in  lighting  them,  or  from  overturning  by  accident,  or  by  stock, 
if  at  the  bam. 

On  every  general  farm,  there  is  a large  amount  of  work  to  be  done  about  the 
farmstead  that  requires  much  time  and  hard  labor  to  accomplish,  such  as  pump- 
ing the  water  for  house  use  and  for  stock,  grinding  com  and  other  grain,  chopping 
hay,  turning  the  grindstone,  running  the  cream  separator,  churning,  washing  and 
ironing,  cooking  meals  and  washing  dishes,  sweeping  and  housecleaning,  and  many 
other  tasks.  On  account  of  a shortage  of  farm  hands,  increasing  wages,  and 
shorter  hours  of  labor  on  the  farm,  it  is  becoming  more  and  more  necessary  for 
most  farmers  to  do  all  of  their  own  work;  and,  as  practically  all  of  their  time  is 
needed  in  the  fields  during  the  cropping  season,  very  little  can  be  spared  for  work 
around  the  house,  bam,  and  dairy.  It  is  very  necessary,  therefore,  that  such 
work  be  done  quickly  and  with  little  labor.  These  results  can  be  accomplished 
with  electric  power. 

How  electricity  may  help  farm  women.  It  has  been  the  eustom  of  many  farm 
women  in  the  past  to  employ  house  servants  to  help  with  the  really  enormous 
amount  of  work  that  has  to  be  done  in  and  around  the  house,  but  it  is  now  prac- 
tically impossible  to  secure  house  servants  on  farms.  Under  these  conditions,  it 
becomes  almost  imperative  that  farm  women  use  electric  power  to  do  this  hard 
work  and  thus  to  save  much  time  and  to  conserve  their  strength,  in  order  that 
they  may  be  able  to  do  all  the  work  without  hired  help. 

How  time  and  labor  may  be  saved  by  using 
electricity  in  the  home,  may  be  demonstrated 
in  many  ways.  When,  for  instance,  an  electri- 
cally-driven pump  is  used  to  supply  water  for 
house  use  and  for  stock,  neither  the  labor  nor 
the  time  of  the  farmer  is  required  for  this  pur- 
pose to  any  great  extent.  The  time  used 
need  not  be  more  than  a half  hour  per  week. 

Stock  can  then  be  provided  with  good,  clean 
well  water  instead  of  hot,  contaminated 
water  from  muddy  ponds.  Water  can  be 
easily  stored  under  sufficient  pressure  to  pro- 
vide fire  protection  for  the  farm  buildings, 
and  for  tne  convenient  use  of  the  family  in 
the  kitchen,  laundry,  bath,  and  closet  from 
faucets  in  any  part  of  the  house. 

An  electrically  driven  cream  separator  and 
churn  will  not  only  save  time  and  labor,  but 
no  cream  will  be  left  in  the  milk,  as  is  the 
case  when  the  separator  is  operated  by  hand, 
and  more  butter,  of  better  quality,  will  be 
obtained  from  the  cream. 

When  a grindstone  is  driven  by  electric 
power,  the  time  of  one  man  is  saved,  and  the 
work  of  grinding  ax,  sickle,  or  other  tool  is 
done  much  quicker  and  better. 

• A feed  grinder,  for  grinding  corn  or  other 
grain,  may  be  run  by  electric  power  and  the 
time  required  for  hauling  to  town  for  grinding 


be  saved;  also,  the  cost  of  grinding  may  be 
much  reduced. 

Farm  women  should  be  provided  with 


Fig.  286.  The  washing  machine,  electrically  driven, 
conserves  the  time,  strength,  and  good  nature  of  the 
housewife. 
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electric  washing  machines,  wringers,  irons,  By  using  an  electric  vacuum  cleaner,  the 
vacuum  cleaners,  kitchen  ranges,  dish  wash-  daily  sweeping  and  dusting  can  be  much 
ers,  and  other  electric  equipment,  and  be  better  accomplished,  and  in  one  operation, 
free  from  the  drudgery  of  their  work.  without  hard  labor  and  without  having  to 

The  electric  washing  machine  with  wringer  breathe  into  the  lungs  germ-laden  dust, 
attached  takes  away  practically  all  of  the  Much  of  this  work  can  be  accomplished  at 
hard  work  of  washing  clothes,  makes  the  # the  same  time  that  the  churning  is  being 
time  required  for  a family  wash  much  shorter,  ' done  or  the  clothes  are  being  washed  when 
reduces  the  wear  and  tear  on  the  clothes,  and  these  operations  are  performed  with  electric 
leaves  a woman  free  to  attend  to  other  duties  machines.  So,  also,  the  electric  dishwasher 
much  of  the  time.  can  be  put  to  work  3 times  a day,  helping 

Electric  irons  are  used  almost  as  universally  greatly  to  reduce  the  load  on  the  over- 
by  townspeople  as  are  electric  lights.  When  burdened  housewife. 

once  tried,  they  are  soon  found  to  be  indis-  In  addition  to  the  foregoing  illustrations  of 
pensable.  In  the  old  process  of  ironing,  one  the  desirability  and  necessity  of  using  electric- 
must  do  the  work  near  a hot  stove,  and  be  ity  on  farms,  the  following  important  reason 
continually  walking  back  and  forth  between  for  its  use  may  be  advanced:  Many  farm 
stove  and  ironing  table,  changing  irons;  boyB  and  girls,  who  are  now  leaving  good  farm 
whereas,  with  an  electric  iron,  a cool  place  may  homes,  could,  it  is  safe  to  say,  be  kept  from 
be  selected  in  which  to  work,  and  the  entire  doing  so  if  conditions  were  reasonably  im- 
washing  may  be  ironed  without  moving  from  proved  at  their  homes,  as  they  might  be  by  the 
one  position  or  changing  irons  a single  tune.  ' use  of  modern  electrical  equipment. 

Sources  of  Electrical  Supply 

Farmers  may  choose  between  2 principal  sources  of  electrical  supply  for 
their  farms.  First,  they  may  obtain  it  from  the  electric-service  companies  op- 
perating  in  practically  every  city  and  town  in  our  country.  Second,  they  may  pur- 
chase small  electric  plants  and  obtain  their  electricity  from  this  source.  In  gen- 
eral, it  is  advisable  for  farmers  to  secure  their  electricity  from  the  first-mentioned 
source,  if  possible,  if  fairly  reasonable  rates  can  be  obtained  and  the  cost  of  the 
electric  lines  for  carrying  the  electricity  from  the  company’s  plant  to  the  farms  is 
not  too  great.  In  case  electricity  cannot  be  obtained  from  the  electric-service 
companies,  farmers  must  purchase  their  own  plants.  In  that  event,  each  may 
have  an  individual  plant  of  his  own,  or  a group  of  farmers  may  cooperate  and 
purchase  a plant  in  partnership  large  enough  to  supply  them  all. 

It  is  advisable  for  farmers  to  purchase  their  electricity  from  the  electric-service 
companies,  if  it  can  be  obtained  at  a price  no  greater  than  it  would  cost  to  pro- 
duce it  on  the  individual  farms  with  private  plants.  It  must  be  evident  to  any 
one  that  it  would  cost  much  less  to  generate  electricity  in  very  large  quantities 
at  one  central  plant  than  it  would  to  produce  the  same  quantity  in  hundreds  of 
small  plants,  because  the  fuel  and  other  supplies  needed  could  be  purchased  at 

lower  prices  in  large  quantities,  and  the  same 
quantity  of  fuel  would  produce  a much  larger 
quantity  of  electricity  m the  large  plant  be- 
cause the  large  plant  is  much  more  efficient. 

Furthermore,  experience  has  shown  that  the 
capacity  or  size  of  one  large  plant,  used  to 
serve  a large  number  of  customers,  need  be 
only  about  one  third  the  aggregate  capacity 
required  if  each  customer  has  ms  own  plant; 
because  they  would  never  all  be  using  large 
quantities  of  the  electricity  at  the  same  time. 
Therefore  the  large  plant  would  cost  very 
much  less  than  the  group  of  small  plants.  In 
fact  the  cost  of  the  electric-service  plant  to- 
gether with  all  of  the  transmission  lines 
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which  are  required  to  carry  the  electricity  from  the  towns  to 
the  farms,  should  not  cost  more  than  the  group  of  small 
plants,  if  the  same  high  grade  and  quality  of  equipment  is 
used  in  both  cases. 

As  a general  rule,  it  is  possible  for  the  electric-service 
companies  to  supply  electricity  at  a lower  cost  than  farmers 
are  able  to  produce  it  on  their  own  farms  from  private  plants. 

This  is  the  principal  reason  why  it  is  advisable  to  purchase 
the  supply.  Another  reason  is  that  these  companies  have 
made  a special  study  of  the  electrical  business  and  thoroughly 
understand  every  detail  of  it.  They  employ  experienced  elec- 
tricians who  know  how  to  handle  the  machinery,  the  elec- 
tricity, and  every  part  of  the  plant  to  the  very  best  advan- 
tage. On  the  other  hand,  fanners  could  not  be  expected  to  S£pJ?Filg0 

handle  their  private  plants  so  advantageously,  they  would  2ssa. 
have  breakdowns  and  other  annoyances,  and  their  plants  could  not  operate  with 
such  regularity  and  such  freedom  from  interruptions  of  service  as  the  large  plants. 

There  are  other  advantages  in  purchasing  the  electrical  supply.  Farmers 
would  not  have  to  make  large  investments,  which  would  be  necessary  if  they  pur- 
chased their  own  plants.  They  could  get  a large  amount  or  small  amount  of  fight 
or  power  from  the  electric  company  as  needed,  whereas,  if  they  generated  their 
own  supply,  the  plants  would  have  to  be  large  enough  to  produce  the  largest  quan- 
tity that  would  ever  be  needed  at  any  time. 


Electrical  Terms  and  Expressions 


In  dealing  with  the  subject  of  electricity 
it  is  necessary  to  use  a number  of  terms  and 
expressions  the  meanings  of  which  are  not 


Fig.  T33a.  The  modem,  electrical  way  saves  one 
man’s  time,  the  other  one’s  back  and  keeps  the  edges 
keener  because  more  easily  and,  therefore,  of  lener  done. 


generally  understood.  A few  of  the  more 
important  ones  will,  therefore,  be  defined 
here. 

Electric  current;  ampere;  ammeter.  The 
electricity  flowing  through  a wire,  lamp, 
motor  or  other  apparatus  is  called  an  electric 
current.  The  ampere  is  the  unit  of  measure- 
ment of  an  electric  current.  An  ammeter 
is  an  instrument  used  for  measuring  the 
number  of  amperes  of  current  flowing  at  any 
time. 

Voltage;  volt;  voltmeter.  The  voltage  of 
an  electrical  supply  is  the  electrical  pres- 
sure. The  volt  is  the  unit  of  measurement  of 
voltage  or  pressure.  A voltmeter  is  an  instru- 
ment which  is  used  to  measure  the  voltage. 

Watt ; kilowatt ; horsepower.  Electric  lamps 
and  small  apparatus  are  rated  in  watts,  the 
watt  being  the  unit  of  measurement  of  ca- 
pacity or  size.  We  have  15-watt  lamps, 
20-watt  lamps,  and  other  small  sizes,  also 
100-watt  lamps  and  large  sizes.  Large 
generators  and  transformers  are  rated  in 
kilowatts.  The  kilowatt  is  usually  written 
K.  W.  One  kilowatt  is  equal  to  1,000  watts. 
One  horsepower  is  equal  to  746  watts,  or  nearly 
three-fourths  of  a kilowatt.  One  lolowatt  is 
slightly  more  than  1}  horsepower. 


How  Electricity  is  Measured  and  Sold 

Electricity  is  measured  for  sale  in  kilowatt-hours  (usually  written  KWH) 
by  a device  called  a watt-hour-meter  or  recording  wattmeter.  One  kilowatt- 
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hour  is  1 kilowatt  working  1 hour.  A 50-watt  lamp  uses  50  watt  hours  in  one 
hour.  In  20  hours,  it  would  use  20  x 50  or  1,000  watt  hours,  which  is  1 kilo- 
watt hour.  If  the  price  is  10  cents  per  kilowatt  hour,  then  the  cost  of  burning 
such  a lamp  20  hours  would  be  10  cents.  The  wattmeter  measures  and  records 
with  great  accuracy  the  amount  of  electricity  used,  whether  for  lighting,  power, 
or  heating. 


Many  farmers  using  electricity.  In  all 
sections  of  this  country  large  numbers  of 
farmers  are  already  using  electric  light  and 
power,  obtaining  electricity  from  private 
plants  or  from  electric-service  companies. 
A San  Francisco,  California,  company  sup- 
plies more  than  8,000  farmer  customers  with 
electricity;  one  at  Fresno,  California,  more 
than  1,600  farmers;  and  there  are  many 
thousands  of  farms  supplied  by  other  electric 
companies  in  California,  Washington,  and 
Oregon.  The  greater  portion  of  this  electric 
demand  on  the  Pacific  Coast  is  for  operating 
electric  pumps  for  irrigation.  In  the  central 
sections,  especially  in  those  states  included 
in  the  Corn  Belt,  Wisconsin,  Indiana,  Illinois, 
Iowa,  Missouri,  Ohio,  Pennsylvania,  Ne- 
braska, Kansas,  Minnesota,  ana  other  states 
many  thousands  of  farms  are  supplied  from 
electric  companies  operating  in  nearby  towns. 
Large  numbers  of  farmers  and  ranchers  in 
the  Rocky  Mountain  states,  the  southern 
states,  and  the  Atlantic  Coast  states  are  also 
using  electric  light  and  power. 

Rates  and  charges  for  electricity.  The 
terms  and  conditions  under  which  trans- 
mission lines  are  built  to  fanning  sections 
by  electric  service  companies,  and  the 
rates  charged  for  the  service  vary  widely  in 
different  k places.  The  following  examples  of 


typical  arrangements  are  cited  as  illus- 
trations, all  these  being  taken  from  the  “Corn 
Belt”: 

Case  1.  A company  has  several  lines  ex- 
tending into  the  country  wherever  a small 
group  of  farmers  who  want  electric  service 
is  favorably  located.  Ten  or  more  farmers 
can  usually  be  served  from  one  KMrilowat 
transformer  and  a pressure  of  2,200  volts. 
Each  farmer  owns  a transformer  of  from  1 to 
2 kilowatt  capacity  which  reduces  the  pres- 
sure to  110  volts  for  use  in  lamps  or  motors. 
The  farmers  furnish  the  poles  and  set  them 
in  the  ground,  and  pay  10  cents  per  kilowatt- 
hour,  with  a minimum  charge  of  $2  per  month. 
This  is  more  than  city  patrons  served  by  the 
same  company  have  to  pay,  as  is  usually  the 
case,  because  of  the  extra  investment  in  the 
long  transmission  lines  and  the  loss  of  current 
in  them  and  in  the  transformers. 

Case  2.  A company  serves  a number 
of  farmers  within  a radius  of  4 miles  from 
town.  The  farmers  paid  the  entire  cost  of 
the  electric  line,  which  amounted  to  $425 
for  each  farm.  Their  average  electric  bill 
is  from  $4  to  $6.50  a month,  for  which  they  do 
their  washing,  ironing,  water  pumping,  cream 
separating,  and  feed  grinding,  and  light  all 
theii*  houses,  bams,  ana  outbuildings. 

Case  3.  A company  serves  farmers  from 


FlG.  2S9.  The  kind  of  power  plant  that  is  run  by  stream  or  impounded  waters  and  that  supplies  electricity 
to  farmers  of  certain  sections  at  a remarkably  low  figure 
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a 2,200-volt  line,  furnishing  the  line  and  equip- 
ment and  making  a flat  charge  of  $4  per  month 
per  farmer. 

Case  4.  A company  serves  farmers  at  12 
cents  per  kilowatt-hour  with  a minimum 
charge  of  $5  per  month.  It  furnished  the 
transmission  line,  but  each  farmer  erected 
or  paid  for  his  own  service  line. 

Case  5.  A company  serves  farmers  from 
a line  which  runs  to  a nearby  town.  The 
line  is  owned  by  the  town,  the  farmers  paying 
a rental  of  50  cents  per  month  each  lor  the 
use  of  it.  The  company’s  charge  for  service 
is  12  J cents  per  kilowatt-hour  and  the  average 
bill  per  farmer  is  about  $20  a year  for  service 
plus  the  $6  for  line  rent. 

Case  6.  A company  has  275  farmer 
patrons.  In  order  to  obtain  service,  a farmer 
is  required  to  pay  the  company  $75  for  extend- 
ing its  lines  along  the  public  highway  to  his 
farm.  The  farmer  builds  his  own  service 
lines  from  the  company’s  line  on  the  public 
highway  to  his  home.  The  $75  payment  is 
later  returned  to  the  farmers  in  small  monthly 
amounts,  in  the  form  of  discounts  on  service. 
The  rates  paid  are  10  cents  per  kilowatt-hour 
for  the  first  26  kilowatt-hours  per  month;  8 
cents  per  kilowatt-hour  for  the  next  26  kilo- 
watt hours  per  month;  6 cents  per  kilowatt- 
hour  for  all  in  excess  of  50  kilowatt-hours  per 
month.  A discount  of  6 per  cent,  is  allowed 
for  prompt  payment.  The  minimum  monthly 


Fig.  290.  An  electric  range,  dean,  efficient,  cod,  easily 
controlled  Jand,  where  current  is  reasonable,  decidedly 

prrmnmiral 


Fig.  291.  The  electrically  heated  incubator  is  no  longer 
a doubtful  experiment,  but  an  established  fact 


charge  is  $1  and  the  average  bill  paid  per 
month  is  from  $1.50  to  $1.75. 

Rates  on  the  Pacific  Coast  and  in  other 
sections  where  water  power  is  obtainable  are 
lower  than  in  sections  where  fuel  is  required. 
The  Fresno,  California,  company  referred  to 
above  makes  the  following  rates  for  farm 
service:  4 cents  per  kilowatt-hour  for  the 
first  200  kilowatt-hours  per  month;  2 cents 
per  kilowatt-hour  for  all  in  excess  of  200  kilo- 
watt-hours per  month.  The  minimum  charge 
per  month  is  $2.50. 

There  should  be  a more  uniform  system 
adopted  for  serving  farmer  patrons  and  of 
charging  them  for  current  and  service.  The 
service  company  should  own  and  operate  all 
lines,  in  the  interest  of  uniformity,  economy, 
and  good  service.  A proper  minimum  charge 
should  be  established,  and  this  should  seldom 
be  lower  than  $2  or  $2.60  a month.  Under 
some  circumstances,  it  might  be  necessary 
to  make  it  somewhat  higher. 

For  the  reasons  given  above,  it  is  necessary 
for  an  electric  company  to  make  a higher 
charge  for  farm  service  than  for  city  service 
either  in  the  rate  per  kilowatt-hour  or  in  the 
minimum  charge  per  month,  or  in  both. 

Cooperative  and  Private 
Electric  Plants 

There  are,  of  course,  many  commu- 
nities where  it  is  impossible  for  farm- 


ers to  obtain  electricity  from  a city  plant  or  a commercial  electric  light  or  power 
company.  In  such  cases  two  courses  are  open  to  them:  They  may  individually 
install  private,  individual  plants,  or  they  may  form  a cooperative  company  and 
install  and  operate  a central  plant  to  supply  them  all.  The  latter  plan  often 
provides  the  better  service,  and  generally  at  a lower  cost  per  farmer,  thus 
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Fig.  292.  A complete  lighting  plant  for  the  farm  house  and  bams.  It  consists  of  the  source  of  power 
(gas  engine)  at  left,  the  electricity  maker  or  generator  in  foreground,  the  storage  batteries  at  right,  and  the  switch- 
board carrying  the  current  gauges,  etc.,  in  rear  at  left. 


bringing  electricity  within  reach  of  many  who  might  be  able  to  invest  a small 
amount  in  the  company  and  pay  a regular  charge  per  year  or  per  month  when 
they  could  not  afford  to  buy  even  a small  individual  plant  outright. 

A farmers’  cooperative  electric  system  could  be  operated  somewhat  on  the 
plan  of  a farmers’  telephone  line.  Under  such  a system,  small,  medium,  and  large 
farms  should  be  able  to  get  reasonable  service  at  an  expense  not  exceeding  $3.50, 
$5,  and  $7.50  per  month  respectively,  including  the  depreciation  of  the  plant. 
The  investment  would  be  about  $400,  $600,  and  $800  respectively. 

When  cooperative  companies  cannot  be  formed,  farmers  who  can  afford  to  do 
so  will  find  it  highly  profitable  to  install  private  plants.  There  are  a large  num- 
ber of  manufacturing  companies  which  make  a specialty  of  furnishing  complete 
plants  suitable  for  such  use.  The  better-grade  plants  are  fairly  easy  to  operate, 
so  that  by  following  the  instruction  book  furnished  with  each  plant,  a farmer  will 
soon  learn  how  to  obtain  good  results,  especially  if  he  has  had  experience  in 
operating  a gasoline  engine  or  an  automobile. 

These  small  plants  usually  consist  of  an  electric  generator,  a gasoline  engine  to 
operate  the  generator,  a switchboard  with  switches  and  electric  meters  to  measure 
and  control  the  electricity,  and  a storage  battery.  A storage  battery  is  used  in 
connection  with  farm  plants  for  the  following  reason:  If  no  storage  batteiy  were 
used,  it  would  be  necessary  to  run  the  engine  and  generator  all  day  in  order  to  have 
power  or  light  at  any  time  that  it  is  needed.  This  would  be  objectionable  on  ac- 
count of  the  excessive  cost  for  gasoline,  and  the  machinery  would  wear  out  rapidly. 
By  using  a storage  battery,  the  engine  and  generator  may  be  run  for  a few  hours 
every  3 or  4 days  to  generate  electricity  and  store  it  up  in  the  storage  battery, 
and  then  the  battery  is  always  ready  to  provide  either  electric  light,  power,  or 
heat  at  the  turn  of  a switch,  day  or  night,  while  the  engine  and  generator  are  idle. 

It  is  very  important  that  the  manufacturers’  instructions  be  carefully  followed. 
The  bearings  of  the  engine  and  generator  must  be  oiled  at  proper  intervals,  and 
the  storage  battery  will  require  a little  pure  water  occasionally  as  well  as  other 
attention.  Solid  foundations  should  be  provided  for  engine  and  generator,  to 
prevent  vibration.  The  plant  must  be  enclosed  in  a tight  building  and  carefully 
shielded  from  rain.  The  machinery  should  be  kept  clean. 

In  many  cases,  it  will  be  found  cheaper  to  purchase  an  engine  large  enough 
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to  drive  the  generator  and  some  of  the  larger  farm  machines  besides,  such  as  pump, 
chum,  washing  machine,  and  feed  grinder.  The  engine  could  be  belted  to  a 
jackshaft,  and  the  individual  machines  driven  from  this  jackshaft  by  the  use  of 
proper  pulleys  and  clutches.  When  this  plan  is  adopted,  the  electric  plant  need 
not  be  so  large  nor  so  expensive.  It  would  be  advisable  to  erect  a building  large 
enough  to  accommodate  the  electric  equipment  and  the  other  machines,  with 
plenty  of  room  so  that  they  can  all  be  operated  conveniently. 

Farmers  should  buy  their  electric  plants  from  reliable  dealers  and  require 
proper  guarantees.  A local  dealer  should  be  required  to  furnish  an  experi- 
enced electrician  to  install  the  machinery,  put  the  plant  in  smooth  running  order, 
and  give  the  farmer  careful  instructions  on  how  to  operate  it  and  care  for  it. 

In  any  case  it  is  well  to  have  the  advice  and  assistance  of  such  an  expert 
when  installing  an  electric  system.  Time  is  usually  saved  by  such  a procedure, 
and  sometimes  the  farmer  is  prevented  from  making  mistakes  which  might  result 
in  damage  which  it  would  cost  ten  times  as  much  to  repair  as  the  services  of  the 
electrician  would  cost  in  the  first  place. 

A good  idea  may  be  obtained  of  the  sizes  and  prices  of  plants  for  farm  service 
usually  supplied  by  the  dealers,  and  the  amount  and  kind  of  service  such  plants 
will  provide,  from  the  data  given  in  Table  I. 

TABLE  I.— FARM  ELECTRIC  PLANTS,  30-VOLT  SYSTEM 

(AUTOMATICALLY  REGULATED) 


SIZE  OF 

STORAGE 

LIST  PRICE 

SIZE  OF 

LIST  PRICE 

DYNAMO 

BATTERY 

WITH  SWITCH- 

ENGINE 

OF  COM- 

IN 

AMPERE 

BOARD  AND 

AND  LIST 

PLETE  PLANT 

KILOWATTS 

HOURS 

METERS 

PRICE 

.5 

50 

$260 

1J  H.P. — $ 78 

$338 

.5 

90 

310 

lj  “ — 78 

388 

.7 

90 

360 

1J  “ — 78 

438 

.7 

180 

455 

1J  “ — 78 

533 

1.0 

90 

375 

3 “ — 132 

507 

1.0 

180 

470 

3 “ —132 

602 

1.5 

1.5 

90 

180 

550 

645 

( Direct  ) 

< connected  >■ 

( sets  ) 

550 

645 

The  .5-kilowatt  plants  are  recommended 
by  the  manufacturer  as  being  of  suitable  ca- 
pacity for  lighting  a house  of  6 or  8 rooms, 
an  average-sized  barn  and  outbuildings,  and 
for  operating  electric  fan,  vacuum  sweeper, 
cream  separator,  churn,  washing  machine,  and 
other  apparatus  with  motors  not  larger  than 
one-fourth  horsepower. 

The  . 8-kilowatt  plant  will  light  a house  of 
8 to  10  rooms,  good-sized  barn  and  outbuild- 
ings, and  operate  almost  all  the  usual  elec- 
trical devices  and  electric  machines  with 
motors  not  larger  than  J horsepower. 

The  1-kilowatt  plant  will  light  a home 
of  10  to  12  rooms,  large  barns  and  outbuild- 
ings, operate  almost  all  the  usual  electrical 
devices  and  electric  machines  with  motors 
not  larger  than  1 horsepower. 

The  1.5-kilowatt  plant  will  light  a large 
house,  very  large  barn  and  outbuildings, 
operate  all  the  usual  electrical  devices  and 


electric  machines  with  motors  not  larger  than 
1|  horsepower. 

Standard  voltage.  Many  electric  manu- 
facturing concerns  supply  30-volt  plants; 
some  of  them  also  supply  110-volt  plants. 
This  raises  the  question  as  to  which  voltage 
is  best  to  use. 

Electric-service  companies  supply  lighting 
service  at  110-volts  in  nearly  all  cases,  ana 
that  has  become  the  generally  accepted  stan- 
dard. For  other  purposes  they  usually  fur- 
nish either  110-volt  or  220-volt  service. 

Those  who  have  private  plants  installed 
may  use  either  the  30-or  the  110-volt  systems. 
The  110-volt  plants  are  preferred  by  many 
for  the  following  reasons:  When  the  build- 
ings to  be  suppled  are  at  considerable  dis- 
tances from  the  electric  plant  and  much  cur- 
rent is  used,  the  cost  of  wire  for  carrying  the 
current  is  excessive  when  30-volt  plants  are 
employed,  which  is  not  the  case  when  110- 
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Fig.  293.  Three  desirable  conveniences  that  electri- 
city makes  possible  in  the  farm  home:  toaster  for  break- 
fast table,  vacuum  cleaner  and  fan. 


volt  plants  are  used.  Motors  and  heating 
appliances  have  been  standardized  for  110 
volts  and  are  more  readily  obtainable  for  that 
voltage  than  for  30  volts;  also  they  are  some- 
what cheaper. 

The  30-volt  plants  are  satisfactory  when  the 
electric  plant  is  located  very  near  the  buildings 
to  be  served  and  large  motors  are  not  re- 
quired. 

In  Table  II,  an  estimate  is  given  of  the 
size  of  engine,  generator,  and  storage  battery 
to  be  used  for  various  quantities  of  electricity 
required  per  month,  the  cost  of  good-quality 
plants  of  the  various  sizes,  and  what  it  will 
cost  to  operate  them.  From  a study  of  this 
table,  it  will  be  seen  that  these  plants  are 
not  so  very  expensive  in  first  cost,  an  average- 
sized  plant  costing  about  $600;  but  if  we 
assume  that  such  plants  will  not  give  more 
than  10  years'  service,  and  charge  a proper 
proportion  of  the  first  cost  in  with  the  oper- 
ating expense  each  month,  the  total  expense 


will  run  from  about  $5  per  month  for  a very 
small  plant  to  about  $12  for  a large  plant, 
or  perhaps  $8  per  month  for  a plant  of  average 
size.  This  does  not  take  into  consideration 
interest  on  the  plant.  Almost  any  electric- 
service  company  within  reasonable  distance 
should  be  able  and  willing  to  furnish  service 
at  a much  lower  cost  than  this.  This,  how- 
ever, is  no  argument  against  the  wisdom  of 
purchasing  private  plants.  As  before  stated, 
if  it  is  impossible  for  farmers  to  obtain  service 
from  electric  companies,  they  will  find  it 
profitable  and  desirable  to  install  private 
plants. 

The  engines  are  somewhat  larger  than 
necessary  for  the  electric  plants  and  they 
might  be  used  to  drive  other  machines,  in 
addition,  if  desired. 

Portable  storage  batteries.  For  those  who 
cannot  afford  to  install  private  plants,  port- 
able storage  batteries 
will  service  very  well 
to  light  the  home.  Five 
cells  of  the  modern 
Edison  battery,  weigh- 
ing about  100  pounds, 
will  light  a small  farm- 
house very  well  for  one 
week  on  a single  charge. 

Such  a battery  has  a 
capacity  of  1,396  watt- 
hours.  It  would  have 
to  be  taken  to  a garage 
or  to  an  electric  plant 
about  once  a week  to 
be  recharged.  Such  a 
battery  would  cost 
about  $100.  It  would 
require  nearly  2 kilo- 
watt-hours for  charging 
each  week,  which  should 
not  cost  more  than  60 
cents.  Lead  cell  batteries  of  similar  capacity 
would  be  heavier,  but  less  expensive. 

Electric  lanterns  and  flashlights.  Electric 
lanterns  are  now  being  supplied  by  dealers 
similar  in  size  and  shape  to  the  well-known 
railroad  lantern.  They  are  perfectly  safe  to 
use  and  cannot  be  put  out  oy  wind  or  rain. 


TABLE  II. — SIZE  AND  COST  OF  FARM  PLANT  AND  COST  OF  OPERATION 
FOR  VARIOUS  QUANTITIES  OF  ELECTRICITY  REQUIRED  PER  MONTH 

(30-volt  system) 


Kilowatt-hours  per  month 

Size  of  engine  (horsepower) 

Size  of  generator  (kilowatts) 

Size  of  storage  battery  (ampere  hours)  . . . 

Cost  of  plant  installed 

10 

1.6 

i 

60 

$366 

20 

1.  6 
i’ 
90 
$466 

30 

3 

1 

90 

$636 

50 

3 

$675 

Operating  expense  per  month 

Depreciation  per  month 

(1.95 

$3.05 

$3.00 

$3.87 

$4.40 

$3.62 

$ 7.00 
$ 5.62 

Total  expense  per  month 

Cost  per  kilowatt-hour 

$6.00 
$ 60 

$6.87 
$ 34 

$8.02 
$ .27 

$12.65 
$ .26 
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They  never  get  sooty,  hence  seldom  need  batteries  would  be  about  35  cents  per  month 
cleaning.  They  are  lighted  by  simply  moving  for  the  small  size,  and  55  cents  for  the 
a contact  lever,  thus  doing  away  with  the  larger. 

trouble  and  danger  of  lighting  with  matches.  Large  flashlights  of  the  usual  tubular  shape 
Two  sizes  are  made,  one  with  a 1J -candle-  are  also  supplied  with  2-candle-power  lamps. 

Crer  lamp  and  one  with  a 2-candle-power  These  have  strong  reflectors  and  produce  a 
p.  A battery  for  the  small  size  costs  bright  light.  Batteries  for  these  flashlights 
about  45  cents  and  will  operate  continuously  cost  about  the  same  per  month  for  similar 
for  10  or  15  hours;  one  for  the  large  size,  use  as  do  those  for  the  large-sized  lanterns, 
operating  for  the  same  period  costs  75  cents.  If  The  dimensions  of  the  flashlight  are:  diameter 
these  lanterns  are  used  for  operating  an  aver-  li  inches,  length  13  inches,  and  the  cost  is 
age  of  15  or  20  minutes  a day,  the  cost  of  - $4.  Various  smaller  sizes  are  also  made. 

The  Various  Uses  of  Electricity 

Electric  lighting.  Tungsten  lamps  are  now  used  almost  exclusively  for  light- 
ing all  kinds  of  buildings.  Carbon-filament  lamps,  so  popular  for  many  years, 
have  gone  out  of  use  because  they  require  about  3 times  as  much  electricity  to 
produce  a certain  amount  of  light  as  do  the  tungsten.  After-the-war  list  prices 
for  the  usual  sizes  of  tungsten  lamps  are  given  below  in  Table  III. 


TABLE  III.— TUNGSTEN  LAMPS 


SIZE  IN 
WATTS. 


SPHERICAL 
CANDLE  POWER 


LIST  PRICE 
CENT8 


Fig.  295.  Im- 
proved types  of  in- 
candescent lamps 
for  form  lighting: 
100-watt  (left),  50- 
watt  (right)  with 
sixes  indicated. 


40-watt  lamps,  giving  38  candle  power  or 
more  are  the  most  popular.  For  a room  14 
by  16  feet,  50-watt,  60-watt,  or  100-watt 
lamps  are  more  satisfactory.  Two  or  more 
lamps  of  smaller  size  may  be  used  instead  of 
one  large  one,  and  better  results  obtained  in 
many  cases.  Small  lights  may  be  used  in 
closets,  hallways  or  porches,  and  in  outhouses 
and  barns.  Table  IV  gives  the  size  of  lamps 
generally  used  for  different  rooms  under 
various  conditions.  | 

TABLE  IV.— SIZES  OF  LAMPS  USED  ON 
VARIOUS  FARMSTEADS  I 


Size  of  lamps  required.  In  the  early  days 
of  electric  lighting,  16-candle-power  lamps 
were  used  quite  generally  for  lighting  an 
average-eized  room.  At  the  present  time. 


Dining  room 
Living  room 
Kitchen  . . 
Front  hall  . 
Front  porch. 
Rear  hall 
Bedrooms  . 


25-watt  40-watt 
50-watt  60-watt 
25-watt  40-watt 

25-watt 

25-watt  25-watt 

25-watt 

25-watt  40-watt 


60-watt 

100-watt 

60-watt 

50-watt 

40-watt 

40-watt 

60-watt 


The  estimated  amount  of  electricity  required 
per  month  for  lighting  a farmstead,  including 
barns  and  outbuildings,  may  be  given  as  5 
kilowatt  hours  for  a small  farm,  10  for  a me- 
dium sized  one  and  15  for  a large  one.  In  es- 
timating the  size  of  plant  required  it  must  be 
remembered  that  all  the  system  will  not  be  in 
full  use  at  any  one  time.  While  the  chores 
are  being  done,  but  little  light  will  be  used  in 
the  house;  in  the  evening  when  more  rooms  are 
lit,  the  barns  will  be  dark,  and  so  on. 

Installation  should  be  substantially  done. 
An  experienced  electrician  should  be  em- 
ployed to  do  the  wiring  of  the  house  and  other 
buildings  and  to  install  the  electric  fixtures. 
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For  large,  well-built  farmhouses  the  electric  water  tank  is  placed  in  a building  or  under- 
wiring should  be  done  in  as  neat  and  substan-  ground,  and  the  water  supply  pumped  into 

tial  a manner  as  is  done  in  similar  houses  in  it  under  a pressure  of  from  25  to  50  pounds, 

cities.  Switches  should  be  placed  in  each  The  air  originally  in  the  tank  is  compressed 

room,  for  greater  convenience  in  turning  lights  and  acts  as  a pressure  regulator,  forcing  the 

on  and  off.  For  the  average  farmhouse,  water  out,  when  faucets  are  opened,  at  prac- 

however,  switches  tically  the  same  pressure  at  which  it  was 

for  individual  rooms  forced  in  by  the  pump, 

mav  be  omitted,  and  In  either  case  the  electric  motor  which 

pull-sockets  used  in-  rfr\  drives  the  pump  may  be  made  to  operate 

stead.  Pull-sockets  / U A automatically.  That  is,  a float  is  rigged  to 

are  provided  with  / M \ stop  the  motor  when  the  tank  is  fuff;  then, 

short  chains,  which  ( / ("Bin  \ when  the  water  in  the  tank  falls  to  a certain 

hang  just  beneath  7 I Wall  \ point,  the  float  starts  the  motor  again  and  the 

the  lamps,  within  / V | } tank  is  soon  refilled.  In  case  the  pressure 

easy  reach.  A slight  I uLI  I tank  is  used,  a pressure  apparatus  performs 

pull  on  the  chain  V J the  same  duty.  When  these  systems  are 

lights  the  lamp,  and  used,  very  little  time  is  required  to  look  after 

Fta.  296.  another  pull  turns  it  , the  water  supply. 

10" ^afd  201  By  using  pull-  A nonautomatic  system  is  preferred  by 

are  made1  Pin  sockets  instead  of  lamp  k the  many.  That  is,  instead  of  the  pump  motor 

this  style.  switches,  the  cost  of  most  geo-  being  started  by  a float  or  pressure  apparatus, 

wiring  may  be  very  **^9  U8ed-  it  is  started  and  stopped  by  hand.  The  latter 
much  reduced.  system  is  simpler,  somewhat  cheaper,  and 

Generally,  the  lamps  are  suspended  from  the  less  liable  to  get  out  of  order.  It  is  an  easy 
ceiling  on  lamp  corns.  They  should  be  sus-  matter  to  start  the  pump  before  sitting  down 

pended  as  low  as  possible  for  best  results,  to  a meal,  and  to  stop  it  when  the  meal  is 

but  not  low  enough  to  be  in  the  way.  Six  finished  and  very  little  time  is  required, 

feet  from  the  floor  is  about  the  right  distance.  The  cost  of  such  systems  is  from  $150  to 

They  should  not  always  be  placed  over  the  $200  and  upward,  and  the  power  required 
centre  of  the  room,  but  where  the  light  is  would  usually  be  from  2 to  4 kilowatt-hours 
most  needed,  in  each  case.  per  month. 

The  cost  of  wiring  a farmhouse  for  lighting  Washing  and  ironing.  The  proper  solution 
might  be  as  low  as  $2  for  each  room  for  small  of  the  washing  and  ironing  problem  for  farm 
one-story  buildings,  and  4 or  5 times  as  much  women,  as  for  city  women,  is  to  send  clothes 
for  large,  expensively-furnished  houses,  in-  to  the  steam  laundry  to  be  washed  and  ironed 
eluding  cost  of  fixtures.  where  it  is  done  by  machinery.  If  this 

Shades  and  reflectors.  There  are  many  method  is  considered  too  expensive,  farmers 
varieties  of  somewhat  gaudy  and  highly  should  establish  cooperative  laundries.  Fail- 
colored  lamp  shades  on  the  market.  Although  ing  these  methods,  the  only  remaining  course 
such  varieties  are  frequently  low  in  price,  is  to  use  electric  washer,  wringer,  and  iron, 
they  are  neither  the  most  ornamental  nor  Electric  washers  and  wringers  are  usually 
the  most  efficient.  In  fact,  they  are  some-  run  by  1 motor  of  about  \ horsepower.  Man- 
times  detrimental,  rather  than  beneficial,  ufacturers  of  these  machines  claim  that  there 
The  best  shades  and  reflectors  for  electric  is  not  half  as  much  wear  on  clothes  washed 
lamps  are  those  made  from  clear  transparent  by  machine  as  there  is  when  rubbed  on  the 
glass,  such  as  the  Holophane  reflectors.  washing  board.  The  big  incentive  to  buy 

Pumping  the  water  supply.  When  it  is  an  electric  washer  and  a wringer,  however, 
necessary  to  pump  from  a deep  well,  and  con-  is  the  fact  that  it  requires  only  1 or  2 hours 
siderable  power  is  required,  it  is  sometimes  to  do  a family  wash  in 
advisable  to  locate  the  electric  plant  near  the  this  way,  and  all  of  the 

well,  so  that  one  engine  may  be  used  both  for  hard  work  is  done  away 

the  plant  and  for  pumping  water.  A separate  with.  The  electricity 

motor  is  preferable,  however,  in  most  cases.  required  is  about  2 kilo- 
One  very  popular  water  supply  system  is  watt-hours  per  month, 

that  in  which  the  water  is  pumped  into  an  and  the  cost  of  washer, 

elevated  tank  where  it  is  under  sufficient  wringer,  and  motor  is 

pressure  to  provide  flowing  water  at  faucets  from  $75  to  $150. 

m any  part  of  the  house,  provide  water  under  Ironing  with  an  elec- 
pressure  for  fire  protection,  and  supply  water  trie  iron  makes  this 

to  tanks  and  troughs  for  stock.  The  water  part  of  the  work  much 

tanks  should  be  elevated  50  or  60  feet,  or  less  disagreeable.  One 

somewhat  higher  than  the  buildings  to  be  need  not  work  in  a 

served.  stove-heated  room,  but 

The  same  results  are  obtained  with  another  may  select  as  cool  a ^ 29.7-  The.  e.1.ectric 
much-used  system,  in  which  a large  air-tight  place  as  can  be  found, 
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and  connect  the  iron  to  the  nearest  lamp 
socket.  The  ironing  can  be  done  much 
quicker,  also,  because  it  is  not  necessary  to 
stop  to  change  irons;  the  iron  keeps  at  the 
proper  temperature  so  that  the  ironing  can  be 
done  to  the  best  advantage  all  the  time;  and 
there  is  no  walking  back  and  forth  from  iron- 
ing table  to  stove.  The  cost  of  an  electric 
iron  is  from  $3.50  to  $7  and  the  electricity 
required  to  operate  it  is  from  5 to  10  kilowatt- 
hours  per  month. 

Cream  separator  and  chum.  A cream 
separator  and  a churn  can  be  arranged  for 
operation  from  a single  motor,  which  may  be 
one-sixth  or  one-fourth  horsepower  in  size 
for  the  average  farm.  Dairy  farms  should 
have  larger  machines,  also  electric  milking 
machines.  The  power  required  for  churn  ana 
separator  for  an  aver- 
age farm  would  be  2 or 
3 kilowatt-hours  per 
month.  By  using  elec- 
tric power  all  the 
cream  can  be  taken 
out  of  the  milk,  when 
the  speed  of  the  sepa- 
rator is  properly  ad- 
justed. When  the 
separator  is  turned  by 
hand,  it  is  impossible 
to  regulate  the  speed 
so  that  all  the  cream 
will  be  taken  out.  The 
electric  motor  takes 
the  hard  work  out  of 


Fig.  298.  Why  turn  the  churning  and  of  sepa- 
and  chum  by  j^tinz  the  cream,  also 

handwh^3 portae ^ ^ 

electric  milkers  are 
used.  Farmers  having  10  or  more  cows  to 
milk  will  find  that  it  is  economical  to  install 
electric  milking  machines.  Those  of  small 
size  will  use  from  3 to  10  kilowatt-hours  of 
electricity  per  month. 

Refrigeration.  Farmers  recognize  the 
necessity  of  having  a cool  place  in  which  to 
keep  dairy  products,  fruits,  and  vegetables 
during  the  summer  months.  Many  farmers 
build  icehouses,  and  put  up  ice  during  the 
winter  for  use  in  summer.  Others  have  no 
suitable  bodies  of  water  within  a reasonable 
distance  from  which  to  obtain  ice,  or  cannot 
afford  to  build  icehouses.  In  anv  case,  a 
small  farm  refrigerating  plant  will  provide 
the  low  temperature  required  for  preserving 
farm  products  as  cheaply  as  can  be  done  by 
storing  winter  ice  for  the  purpose.  For 
example,  a test  was  made  with  a small  outfit  in 
1915,  in  central  Illinois  during  the  month  of 
July,  in  which  a refrigerator  box  16  x 36  x 50 
inches  was  used.  The  power  required  to 
operate  the  refrigerator  was  less  than  1 
horsepower.  The  motor  was  run  an  average 
of  5}  hours  a day  for  the  31  days.  The 
temperature  of  the  refrigerator  box  was  kept 
between  40  and  45  degrees  F.  In  the  31 


days,  only  36.2  kilowatt-hours  were 
used,  which,  at  10  cents  per  kilowatt- 
hour,  would  cost  $3.62.  Of  course, 
the  cost  of  ammonia  which  is  neces- 
sary for  the  refrigerating  machine, 
and  of  oil  for  lubrication,  would  add 
materially  to  the  total  cost.  But 
it  would  only  be  necessary  to  operate 
the  machine  from  4 to  5 months 
of  a year,  depending  on  the  climate. 

Feed  grinder,  fanning  mill,  corn 
sheller,  wood  saw.  A feed  grinder 
requires  considerable  power,  and, 
therefore,  some  farmers  prefer  to 
locate  it  in  the  building  with  the 
electric  plant,  so  that  it  may  be  run 
from  the  same  engine.  If  one  can 
afford  the  additional  investment, 
somewhat  better  results  may  be  ob- 
tained by  using  an  electric  motor  to 
run  the  feed  grinder;  but  the  other 
method  would  be  quite  satisfactory. 

A size  requiring  a 2-horsepower 
motor  to  drive  it  should  be  large  Fig.  299. 
enough  for  the  individual  farmer. 

It  requires  about  40  kilowatt-hours  Soil  * 
to  grind  100  bushels  of  corn,  but 
only  about  8 kilowatt-hours  for  cracking  the 
same  amount. 

The  fanning  mill,  or  seed  cleaner,  could  be 
driven  from  the  same  motor  that  runs  the 
feed  grinder,  or  a portable  motor  should  be 
rigged  up  for  various  uses,  including  the  work 
of  running  a wood  saw  and  corn  sheller. 

When  electric  power  can  be  purchased 
from  an  electric  company,  such  work  as 
silo  filling  and  threshing  grain  can  be  profit- 
ably done  with  electric  motors;  but  it  would 
not  be  economical  to  install  a private  plant 
large  enough  for  such  work,  except  on  very 
large  farms. 

Many  farmers  are  now  buying  farm  trao- 
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tore.  Such  work  as  feed  grinding,  corn  shell- 
ing, silo  filling,  threshing,  sawing  wood,  and 
other  heavy,  intermittent  work  can  be  done 
with  the  tractor  power. 

Electric  ranee,  hot  plate,  and  toaster.  To 
do  all  of  the  family  cooking  on  an  electric 
range  during  the  summer  season  would  re- 
quire from  100  to  200  kilowatt-hours  per 
month.  Only  fairly  well-to-do  farmers  could 
afford  to  purchase  a range,  which  would  cost 
from  $45  to  $100  and  pay  $5  to  $10  a month 
for  current.  But  farm  women  who  have 
electric  ranges  are  exceedingly  fortunate  and 
well  favored.  If  current  can  be  gotten  from 
water  power  on  the  farm  at  very  low  cost  they 
can  prove  economical  as  well  aa  convenient. 

Those  who  must  be  more  economical  can. 


purchase  two  disc  hot  plates  and  prepare  two 
meals  a day  on  them,  using  the  wood  range 
for  the  heaviest  meal  and  for  baking.  Tne 
cost  could  be  reduced  about  one  half  in  this 
way. 

There  are  numerous  other  uses  to  which 
electricity  may  be  put  on  a farm,  such  as 
house  cleaning  and  sweeping  with  a vacuum 
sweeper,  running  the  sewing  machine  with  a 
small  motor,  dish  washing,  running  ice-cream 
freezer,  electric  fan  for  ventilating  and  cooling 
a room,  running  the  grindstone,  heating  pad, 
and  heating  the  incubator  and  brooder. 

In  Table  V are  given  a list  of  machines 
and  apparatus  that  can  be  operated  electri- 
cally, the  size  of  motor  generally  used,  and 
the  amount  of  electricity  required  per  month. 


TABLE  V. — SIZE  OF  MOTOR  REQUIRED  AND  ELECTRICITY  REQUIRED  PER 
MONTH  FOR  VARIOUS  MACHINES 


MACHINE 

SIZE  OF  MOTOR 

USE  PER  MONTH 

KILOWATT-HRS. 
PER  MONTH 

Chum 

i to  i Hp 

6 to  8 hrs. 

1.0  to  1.6 

Cream  separator 

i to  1 Hp 

10  to  15  hrs. 

1.0  to  2.0 

Washer  and  wringer 

J to  1 Hp 

5 to  10  hrs. 

1.0  to  2.0 

Milking  machine 

J to  2 Hp 

30  to  60  hrs. 

2.0  to  10.0 

Water  supply  pump 

i to  2 Hp 

10  to  20  hrs. 

2.0  to  8.0 

Vacuum  cleaner 

i to  J Hp 

30  to  40  hrs. 

3.0  to  8.0 

Refrigerator 

i to  § Hp 

90  to  180  hrs. 

20.0  to  50.0 

Range 

4,000  watts 

75.0  to  150.0 

Iron 

600  watts 

8 to  15  hrs. 

3.0  to7.5 

Sewing  machine 

iV  Hp 

Buffer  and  grinder 

AHp 

Dish  washer 

1 to  1 Hp 

Ice-cream  freezer 

1 Hp 

Electric  fan 

45  watts 

Toaster 

600  watts 

Feed  grinder 

2 to  3 Hp 

Grindstone 

i to  J Hp 
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Internal-Combustion  Engines 

By  Professor  R.  P.  Clarkson  ( see'Chapterlb ).  With  the  greatly  increased  me  of  the  auto- 
mobile, the  principle  and  maiutgement  of  the  stationary  gas  and  oil  engines  ( which  are  considerably 
simpler)  have  lost  most  of  their  mystery.  To-day  there  are  probably  more  f armers  who  can  talk  in- 
telligently about  ignition,  compression,  magnetos,  etc.,  than  there  are  men  in  other  lines  of  work  not 
primarily  connected  with  engines  who  can  do  the  same.  A full  course  in  the  subject  requires  con- 
siderable time,  study,  and  experience.  AW  this  chapter  attempts  is  to  tell  the  novice  the  essential 
things  that  he  should  know  and  to  remind  the  experienced  man  of  some  of  the  important  details  that 
he  may  already  know  but  may  have  forgotten. — Editor. 

GASOLINE,  kerosene,  and  crude-oil  engines  of  every  kind  belong  to  the 
internal-combustion  class  of  motors.  They  are  primarily  heat  engines, 
just  as  are  the  steam  engine  and  the  hot-air  engine;  ana  the  principle  of  opera- 
tion does  not  materially  differ  in  the  various  types  of  heat  engines.  In  every 
case,  there  is  some  working  substance  which,  through  the  application  of  heat 
in  some  manner,  causes  expansion  and  contraction  in  the  working  space  of  the 
engine  and,  usually,  causes  a piston  to  slide  back  and  forth.  In  this  way,  the 
heat  energy  of  the  working  substance  is  transmuted  into  mechanical  energy  and 
made  available  for  doing  useful  work  of  some  kind. 

In  the  steam  and  hot-air  engines,  the  heat  is  supplied  by  the  combustion  of 
fuel  outside  the  engine,  this  combustion  acting  to  heat  up  the  working  substance. 
In  the  oil  and  gasoline  engine,  there  is  combustion  of  fuel,  but  it  takes  place  right 
in  the  cylinder  of  the  engine.  Engines  of  the  former  class — steam  and  hot-air 
— are  thus  called  “external-combustion  engines,”  because  the  fuel  action  is  outside, 
while  those  of  the  latter  class — oil  and  gasoline — are  termed  “internal-combustion 
engines,”  because  the  fuel  action  is  entirely  inside  the  engine. 

Efficiency  of  engines.  The  theoretical  study  of  engines  has  shown  very  clearly 
that  only  a certain  amount  of  the  heat  energy  which  is  supplied  to  an  engine  can 
be  converted  into  mechanical  energy.  The  higher  the  temperatures  that  can  be 
reached  with  the  working  substance,  the  greater  the  efficiency  which  it  is  possible 
to  obtain.  Internal-combustion  engines  are  so  designed  that 
the  explosion  temperatures  are  very  high;  and,  with 
the  explosion  taking  place  right  in  the  engine,  there 
are  no  losses  of  heat  m transmission.  Therefore  the 
resulting  efficiency  may  be  made  very  much  higher 
than  that  of  any  steam  type.  In  effi- 
ciency, the  internal-combustion  engine 
has  reached  more  than  50  pa*  cent  and 
runs  frequently  as  high  as  40  per  cent, 
while  15  per  cent  is  high  for  a steam 
engine,  and  20  per  cent  is  seldom 
reached. . The  figures,  of  course,  apply 

to  the  different  engines  as  means  for  Fig.  301.  Typical  water-cooled,  stationary  gas  en- 

getting  mechanical  energy  out  of  fuel.  ^ 
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How  an  engine  works.  In  all  engines  of  the  internal-combustion  type  apt 
to  be  found  on  the  farm  there  are  5 main  operations:  (1)  the  fuel  must  enter  the 
engine;  (2)  it  must  be  compressed  in  one  end  of  the  cylinder;  (3)  it  must  be  ignited 
(4)  then  expand  against  a piston,  and  (5)  the  burned  gases  must  be  got  rid  of  by 
being  forced  out  of  the  engine  entirely.  All  this  must  be  done  automatically  and 
very  rapidly.  In  the.  very  highest  speed  engine,  this  entire  series  of  opera- 
tions is  completed  30  times  in  every  second.  In  most  stationary  engines  of  small 
size,  the  speed  is  not  more  than  one  fifth  of  this;  but  it  is  fast  enough  to  neces- 
sitate the  most  careful  timing  of  every  part  of  the  action. 

The  fuel  is  stored  in  a tank,  from  which  it  flows  by  gravity  to  a device  called  a 
“carburetor,”  or  “vaporizer.”  This  is  nothing  more  nor  less  than  some  form  of 
atomizer  in  which  conditions  are  made  favorable  for  the  vaporizing  of  the  liquid 
fuel,  and  the  thorough  mixing  of  the  vapor  with  air,  thus  forming  an  explosive 
mixture.  This  is  drawn  into  the  engine  by  the  suction  of  the  moving  piston  in  the 
cylinder.  The  time  of  drawing  in  the  charge  is  regulated  by  the  inlet  valves, 
which  are  operated  by  cams  on  the  engine  cam  shaft  this  being  geared  directly 
to  the  crank  shaft  itself.  After  the  mixture  is  drawn  in,  the  valves  are  all  shut,  the 
piston  comes  up  and  compresses  the  mixture  considerably.  Then,  at  the  proper 
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moment,  a spark  ignites  the  mixture,  which  explodes  and,  by  expansion  due  to 
the  heat,  forces  the  piston  down  again.  On  the  return  stroke,  the  piston  drives 
out  most  of  the  burned  gases.  They  are  still  very  hot,  of  course,  and  the  heat 
they  carry  away  is  one  of  the  large  sources  of  lost  efficiency  in  oil-engine  work. 


Fuels 

The  determination  of  the  best 
fuel  for  economical  use  in  small 
engines  has  occupied  a great  deal 
of  thought  during  the  past  few 
years,  because  of  the  constantly 
increasing  price  of  gasoline  and 
the  very  much  cheaper  cost  of 
kerosene  in  many  parts  of  the 
country.  Crude  oil  for  engines  of 
about  50  horsepower  and  over 
has  also  found  strong  advocates, 
and  it  is  used  to  a considerable 
extent.  The  problem  presented 
is  very  much  complicated  by  the 
incidental  points  connected  with 
the  use  of  the  fuels. 

Kerosene  is  a heavier  distillate 
than  gasoline,  both  being  obtained  from  crude 
petroleum.  The  crude  petroleum  itself  is  in 
some  form  used  in  the  larger  engines.  Natu- 
rally, it  is  cheap,  as  there  has  been  no  material 
work  done  on  it  from  the  well  to  the  consumer. 
Both  kerosene  and  gasoline  are  products  of 
“cracking”  the  petroleum,  and  are  incidents 
in  the  continuous  succession  of  products  from 
crude  petroleum.  This  material  not  only 
gives  us  our  various  fuel  oils,  but  also  the 
many  mineral  lubricating  oils,  both  light  and 
heavy— the  greases,  dye  and  munition  prod- 
ucts, and,  not  least  valuable,  the  well- 
known  vaseline,  or  petroleum  jelly. 

Theoretically,  kerosene  has  a higher  heat 
value  than  gasoline,  in  the  proportion  of  11 
to  9;  but  it  is  not  possible  to  get  the  full  value 
of  kerosene  in  a gasoline  engine.  A much 
higher  temperature  is  required  to  vaporize 
it  than  gasoline,  and  more  evaporating  surface 
is  required.  Then,  within  the  engine,  com- 
bustion is  not  apt 
to  be  complete,  so 
that  a deposit  of  car- 
bon is  left  on  the 
cylinder  walls,  pis- 
ton head,  and  spark 
plugs,  thus  requiring 
frequent  cleaning. 
Any  gasoline  engine 
will  run  after  a fash- 
ion on  kerosene,  if 
started  and  warmed 
up  on  gasoline.  Some 
adjustment  of  the 
. „ carburetor  may  be, 

Fig.  303.  Fuel  for  gas  an(j  usually  is,  re- 
engmes  should  be  kept  in  . j o ^ i 

an  underground  metal  tank,  quired.  Some  kero- 
preferabiy  well  away  irora  sene  engines  may  be 
all  buildings,  and  equipped  otortpH  hv  hpntintr 
with  tight  supply  pipe  and  started  oy  neating 

deUverypump.  the  ignition  tube 
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Fig.  304.  Top  view  of  a gas-engine  cylinder,  partly  cut  away  to 
show  water  jacket  and  arrangement  of  valves 

with  a blow-torch,  but  this  is  not  recom- 
mended for  farm  use. 

The  amount  of  kerosene  usually  required 
is  over  li  gallons  to  1 gallon  of  gasoline,  be- 
cause of  the  incomplete  combustion.  In 
engines  specially  built  to  run  on  kerosene, 
trials  have  frequently  shown  an  actually 
smaller  consumption  of  kerosene  than  of 
gasoline  in  a gasoline  engine  doing  the  same 
amount  of  work  in  the  same  time.  In  general, 
the  amount  of  fuel  consumed  per  horsepower 

Piston  ff/ng  Grooves 
i L ap  Joint  Piston  Rings 


Fig.  305.  A piston  removed  from  a cylinder  to 
show  the  rings  which  create  the  compression  and  the 
grooves  in  which  they  fit. 

per  day  of  10  hours  is  about  1 gallon,  some- 
times more,  but  seldom  less,  even  with  expert 
attendance  or  supervision. 

There  are  many  good  — * built  to  run 
on  kerosene  fuel  that  gh  re  or  less  satis- 
faction. There  is  every  reason  why  that 
type  of  engine  should  be  purchased.  There  is 
an  economic  importance  in  the  use  of  kerosene 
in  place  of  gasoline  as  fuel;  for  it  will  tend  to 
lower  the  price  of  gasoline  by  lessening  the 
demand,  and  will,  at  the  same  time,  leave  this 
more  refined  product  for  special  purposes  in 
which  kerosene  will  not  serve  as  a satisfactory 
substitute.  While,  of  course,  by  increasing  the 
demand  for  kerosene,  the  tendency  will  be  to 
increase  the  price,  there  is  a plentiful  kerosene 
supply  due  to  the  large  production  of  it  as  a 
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Fig.  306.  Diagrammatic  wiring  plan  of  a make-and-break 
ignition  system  m which  a spark  coil  ia  used.  The  batteries 
are  connected  in  series  and  with  the  engine  where  the  wire  is 
grounded.  The  make-and-break  mechanism  is  operated  by 
the  tappet  rod  and  this  by  moving  parts  of  the  engine 

by-product  in  refining  to  produce  gasoline 
ana  other  oils. 

All  these  things  being  taken  into  considers 
tion,  there  is  no  doubt  as  to  the  superiority 
of  the  kerosene  engine  over  any  other  type 
of  power  plant  on  the  farm.v  This  is  being 
demonstrated  by  the  constantly  decreasing 
use  of  steam  and  other  engines  in  proportion 
to  the  total  power  used. 

Carburetors 

The  first  action  on  the  fuel  is  to  prepare 
the  explosive  mixture.  This  is  done  mainly 
in  the  carburetor.  The  common  form  of  car- 
buretor has  2 chambers,  one  being  a float 
chamber  in  which  the  fuel  is  kept  at  a constant 
level  by  the  action  of  a float — either  of  coils, 
hollow  brass,  or  aluminum— this  float  rising 
as  fuel  flows  in  and  shutting  off  the  supply 
at  a valve  when  the  proper  level  is  reached. 
The  fuel  from  the  float  chamber  then  flows 
to  a second  chamber,  through  which  air  is 
brought  by  the  suction  of  the  engine.  This 
air  is  frequently  warmed  by  some  auxiliary 
connection,  as  by  an  intake  situated  near 
the  exhaust  pipe  or  manifold.  The  air  passes 
through  a constricted  tube  and  thus  acquires  a 
high  velocity.  In  the  smallest  part  of  this 
tube,  where  the  velocity  is  highest,  the  rushing 
air  passes  over  the  surface  of  the  fuel  0$ 
picks  up  some  of  it,  and  mixes  with  it  on  the 
way  to  the  cylinder. 

There  are  many  different  types  of  carbu- 
retor, but  the  general  action  here  outlined  fits 
fill  of  them  more  or  less.  The  tendency 
is  to  effect  in  some  way  a very  perfect  ana 
intimate  mixture  of  the  gas  ana  air  before 
they  enter  the  cylinder.  With  the  engines  of 
very  high  speed,  now  in  use  to  a large  degree 
where  light  weight  is  essential,  sufficient  time 
is  not  given  between  explosions  for  complete 
combustion  of  the  fuel.  As  explained  below, 
this  combustion  is  not  instantaneous.  ' 


The  kerosene  vaporizer  differs  from  that  for 
gasoline  in  that  it  involves  some  device,  usu- 
ally a hot  tube  or  hot-water  jacket  on  the  car- 
buretor for  warming  the  fuel  and  helping  to 
atomize  it.  There  is  also  a heating  device  on 
the  intake  manifold  to  vaporize  the  kerosene. 
These  help  on  the  familiar  principle  that 
liquids  vaporize  more  readily  when  heated. 


Ignition  System 

Two  thirds  of  the  troubles  encountered  in 
gas-engine  operation  are  due  to  defects  in  the 
ignition  system  or  to  lack  of  knowledge  of 
proper  ignition  control.  The  ignition  system 
is  the  vital  part  of  the  oil  engine,  and  it  must 
work  properly  and  be  controlled  in  the  correct 
manner. 

There  are  2 divisions  of  ignition  systems 
under  which  all  designs  may  be  properly 
classified:  (1)  the  make-and-break,  or  low- 
tension,  and  (2)  the  jump  spark  or  high-ten- 
sion. These  names  refer  to  the  particular 
method  by  which  the  spark  in  the  cylinder 
is  made.  ^ * 

Make-and-break  system.  With  the  make- 
and-break  design,  there  are  2 contact  points 
in  the  cylinder,  one  of  which  is  movable  and 
may  be  turned  away  from  the  other  suddenly 
by  a spring-trigger  arrangement,  after  having 
been  in  contact  for  a very  small  interval  of 
time.  The  2 points  are  connected  in  circuit 
with  a battery  and  a coil  of  wire  wound  about 
an  iron  core.  When  the  points  are  separated, 
the  momentum  of  the  current  causes  it  to 
jump  the  gap  created  between  the  points, 
thus  giving  the  required  spark.  The  purpose 
of  the  coil  used  is  to  increase  this  tendency 
of  the  current  to  continue  to  flow  even  after 
the  circuit  has  been  broken.  The  coil  itself 
consists  merely  of  a few  turns  of  insulated 
copper  wire  wound  about  a soft  iron  |core. 
Such  an  arrangement  as  this  has  been  used 
for  many  years  m electric  gas-lighting  systems, 
and  is  there  known  as  a spark  coil.  It  is 
commonly  referred  to  in  connection  with 
gas  engines  as  a “make-and-break  coil”  or 
Spar* ptu<?  “non-vibrating  coil.” 

A - The  make-and-break 

system,  because  of  the 
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Fig.  907.  Diagrammatic  wiring  plan  for  an  ignition  sys- 
tem using  dry  batteries,  vibrating  spark  coil  (m  bo at)  and 
spark  plug,  the  timing  of  the  spark  being  effected  by  the 
commutator 
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A piece  of  level  bottom  land  on  which  water  stands  for  several  days  after  a heavy  rain.  One  line 
of  tile  would  promptly  remove  this  surplus  moisture 


Whether  done  by  hand  or  machine,  the  construction  of  underdrains  is  a cheap  and  simple  oper- 
ation as  measured  by  its  results 

Drainage  Is  a Means  of  Reclaiming  Poor  Land,  Improving  Good  Land,  and  Benefiting 
the  Farm  and  the  Farmer  in  Many  Ways 
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Man’s  task  is  the  distribution  of  the  water  where  it  is  needed,  with  the  least  effort  and  waste 


It  Would  Seem  as  Though  the  Earth  Had  Prepared  a Supply  of  Moisture  in  Those 
Regions  Where  the  Heavens  Deny  It.  The  Result  Is— Irrigation 
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difficulties  of  mechanical  design,  cannot  be 
used  on  high-speed  engines  but  is  used  on  a 
large  proportion  of  stationary  farm  engines. 
It  has  many  advantages  and  many  disad- 
vantages over  the  jump-spark  system.  A 
much  hotter  spark  can  be  obtained  with  the 
make-and-break,  because  of  a greater  flow 
of  current;  there  is  not  so  much  leakage 
of  current;  and  the  system  is  not  so  readily 
put  out  of  service  by  dampness  and  dirt. 
On  the  other  hand,  good  contacts  are  required 
all  through  the  system,  and,  particularly, 
the  contacts  within  the  cylinder  must  be 
kept  clean.  This  is  sometimes  difficult  be- 
cause of  the  presence  of  soot  and  oil.  Another 
disadvantage  is  the  larger  number  of  moving 
parts  and  wearing  surfaces. 

The  jump-spark  system.  The  jump-spark 
design  is  that  in  which  a spark  plug  is  used 
in  the  engine  cylinders.  Here  the  spark 
points  are  stationary  (but  adjustable),  with  a 
fixed  distance  between  them.  They  are  in 
circuit  with  the  secondary  winding  of  an  in- 
duction coil,  commonly  referred  to  as  a “jump- 
spark  coil,”  or  “vibrating  coil.”  It  consists 
of  2 windings.  The  primary  has  a few  turns 
of  comparatively  large  copper  wire  and  is 
connected  to  the  battery.  The  second- 
ary has  many  thousands  of  turns  of  fine  wire, 
the  fine  wire  being  used  solely  to  allow  the 
coils  to  be  crowded  close  to  the  core  and  to 
save  space  and  cost.  Owing  to  the  large 
number  of  turns  in  the  secondary,  the  voltage, 
or  “pressure,”  of  that  circuit  is  higher  than 
that  of  the  battery  circuit,  and  so  it  can  force 
a flow  of  electricity  across  the  gap.  The 
current  flowing  in  the  secondary  is  less 
than  that  in  the  primary,  and  it  cannot  be 
measured  easily  and  directly  by  convenient 
instruments.  The  current  in  the  primary, 
however,  may  be  measured  by  means  of  a 
pocket  battery  ammeter,  and  should  not  ex- 
ceed one  fourth  or  one  half  an  ampere,  if  the 
circuit  is  in  proper  condition. 

The  principal  disadvantage  of  the  jump- 
spark  design  is  the  high  tension  or  voltage 
used,  because  of  the  difficulty  with  which 
proper  insulation  is  obtained.  The  least  dirt 
or  moisture  is  fatal  to  its  workings.  The 


Fig.  308.  Wiring  plan  when  batteries  and  low  tension 
magneto  are  used  in  a simple  make-and-break  system. 
Actually  the  magneto  is  attached,  metal  to  metal,  to  the 
engine  base  so  as  to  complete  the  circuit 


vibrator  in  the  primary  circuit,  used  to  open 
and  close  the  circuit  rapidly,  sometimes 
gives  trouble.  This  system  is  generally 
adopted  for  medium  and  small-sized  engines. 

Magnetos  are  common  sources  of  electrical 
energy  in  ignition  systems,  being  really  a 
special  type  of  generator  or  dynamo  gener- 
ating alternating  current  at  either  a high  or  a 
low  voltage.  The  low-tension  magneto  re- 
places the  battery  in  the  make-and-break 
system  and,  occasionally,  in  the  primary  cir- 
cuit of  the  jump-spark  design.  Frequently 
there  is  a special  spark  coil  built  in  low-tension 
magnetos  designed  for  automobile  ignition 
but  this  is  not  common  in  farm-engine  mag- 
netos. The  high-tension  magneto,  when 
used,  takes  the  place  of  the  whole  jump-spark 
system,  if  desired,  the  spark  plugs  being  con- 
nected directly  to  the  magneto  terminals. 

Another  type  of  magneto  used  on  stationary 
engines  is  of  the  osculating  make-and-break 
type  shown  in  Fig.  309.  To  use  this  type  an 
engine  must  be  equipped  with  a cam  to  work 
the  oscillator.  This  is  controlled  by  a spring 
which,  when  it  is  released,  draws  it  back  break- 
ing the  contacts  and  thereby  making  a spark. 
Often  a double  spring  oscillating  attachment 
is  arranged  with  the  springs  set  horizontally 
thereby  giving  a somewhat  better  balanced 
magneto  and  insuring  a more  even  spark. 

In  all  of  these  systems,  the  electrical  action 
is  practically  instantaneous;  but  although 
combustion  in  the  engine  cylinder  is  ex- 
tremely rapid,  there  is  a definite  lapse  of  time 
between  the  closing  of  the  electrical  circuit 
and  the  point  of  maximum  pressure  set  up 
by  the  explosion  of  the  gases.  The  exact 
length  of  this  period  depends  upon  the  pro- 
portions of  air  and  vapor  in  the  mixture. 
The  combustion  period  with  a mixture  of 
1 part  gas  to  4 parts  air  is  four  hundredths  of  a 
second,  and  that  with  a mixture  of  1 part  gas 
to  14  parts  air,  thirty  hundredths. 

On  this  account,  the  spark  circuit  must  be 
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closed  a little  while  be- 
fore the  piston  gets  to 
the  exact  point  where 
it  is  desired  that  ex- 
plosion shall  take 
place.  This  may  even 
be  before  the  piston 
reaches  the  end  of  its 
compression  stroke, 
for  even  so,  the  force 
of  the  explosion  does 
not  occur  until  after 
the  maximum  com- 
pression has  taken 
place  and  the  piston 
started  back. 

The  richness  of  the 
mixture  varies  from 
time  to  time,  and  so, 
of  course,  there  must 
be  changes  in  the  point  of  ignition.  This 
variation  in  the  mixture  is  due  to  chang- 
ing the  throttle,  opening  and  closing  it  from 
time  to  time  as  the  load  varies.  Then,  too, 
with  an  increase  in  the  speed  of  the  engine, 
the  spark  must  be  advanced,  because  the 
circuit  must  be  closed  earlier  in  the  stroke, 
to  allow  the  same  period  of  time  to  elapse 
before  the  piston  reaches  the  end  of  stroke, 
the  piston  traveling  so  much  faster  than 
before.  On  the  other  hand,  if  the  engine 
is  being  started,  the  piston  is  traveling  slowly, 
and  so  the  spark  must  be  retarded.  That 
is,  the  circuit  must  be  closed  when  the  piston 
is  at  the  end  of  the  compression  stroke,  or 
after  it  has  passed  the  end  of  stroke  usually 
the  latter.  In  either  case,  the  maximum  force 
of  the  explosion  will  occur  after  the  piston 


Fig.  310.  Section  of  a 
spark  plug.  The  metal 
thread  screwing  into  the 
cylinder  head  makes  one 
connection;  ' the  central 
electrode,  joined  to  the 
spark-coil  wire  by  means 
of  ithe  thumb  nut,  makes 
the  other. 


has  started  back.  Care  should  be  taken 
that  explosion  shall  not  occur  when  the  pis- 
ton is  exactly  at  the  end  of  the  stroke,  because 
that  causes  bad  knocking,  owing  to  the  full 
force  of  explosion  being  transmitted  directly 
to  the  crank  and  crankshaft  bearings. 

If  explosion  occurs  before  the  piston  reaches 
the  ena  of  the  compression  stroke,  when  the 
engine  is  being  started,  it  may  turn  the  crank 
forcibly  in  the  reverse  direction  and  so  injure 
the  operator  who  is  trying  to  turn  it  the  other 
way.  If  the  explosion  occurs  too  early,  when 
the  engine  is  running,  there  will  be  a loss  of 
power,  because  the  force  of  the  explosion  will 
oppose  the  motion  of  the  piston.  Then,  too, 
combustion  is  slower  with  the  gas  under  less 
pressure,  so  that  the  engine  will  become  over- 
heated, if  run  continually  with  a much-re* 
tarded  spark. 

These  facts  underlie  3 rules  of  spark  control, 
which  should  be  memorized  ana  understood 
by  every  engine  operator.  They  are: 

(1)  Always  retard  the  spark  before  starting 
the  engine. 

(2)  Always  advance  the  spark  as  the  en- 
gine picks  up  speed. 

(3)  Always  retard  the  spark  when  the  en- 
gine slows  down  under  a heavy  load. 

In  every  case  when  the  engine  is  running,  the 
object  of  spark  control  is  to  secure  an  explo- 
sion at  the  moment  when  the  crank  has  passed 
the  dead  centre  and  the  piston  has  started 
back  on  the  return  stroke.  This  will  give  the 
maximum  power  and  the  most  economical  op- 
eration. An  explosion  at  any  other  time  in  the 
stroke  wastes  fuel  and  injures  the  engine — from 
undue  strain,  if  before  the  piston  reaches  the 
end  of  stroke,  and  from  overheating,  if  after. 


, Types  and  Parts  of  Internal-Combustion  Engines 


Four-cycle  engines.  The  entire  operation,  from  thein- 
take  of  the  mixture  to  the  exhaust  of  the  burned  gases,  is  a 
cycle  of  operations.  In  one  class  of  engines  it  takes  4 strokes 
of  the  piston,  the  first  stroke  sucking  in  the  charge,  the  re- 
turn stroke  compressing  it,  the  explosion  forcing  the  piston 
out  on  the  third  stroke,  and  the  piston  pushing  out  the 
burnt  gases  on  the  fourth  stroke.  Then  it  is  all  done  over 
again.  This  kind  of  engine  is  a four-stroke-cycle  type,  usu- 
ally called  a “four-cycle  type.”  This  is  to  distinguish  it 
from  the  two-stroke-cycle  engine,  the  details  of  valve  con- 
struction necessary  to  make  the  two-stroke  cycle  possible 
being  very  different. 

Two-stroke-cycle  engines.  In  the  two-stroke-cycle  type, 
the  explosion  forces  the  piston  out,  this  movement  of  the 
piston  compressing  the  mixture  in  the  crank  case.  The 
compressed  charge  flows  up  into  the  cylinder  as  the  piston, 
toward  the  latter  part  of  its  outward  stroke,  uncovers 
an  inlet  port  in  the  cylinder  side.  Just  before  the  inlet 
port  is  uncovered,  an  outlet  or  exhaust  opening  on  the 
opposite  side  of  the  cylinder  is  uncovered,  so  that  the 


tsttse,-* 


Fig.  311.  Diagram  show* 
tag  the  successive  operations 
in  the  working  of  a 4-cycle 
engine. 
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Fig.  312.  How  a 
the  crank  case  is  enclosed 
the  series  of  operations. 


ic  works.1  Note  that 
part  in  carrying  out 


exhaust  gases  start  out  and  are  helped 
somewhat  in  the  scavengering  process 
by  the  inflow  of  the  new  charge.  This 
inflow  is  stopped  as  the  piston  returns 
on  the  instroke,  the  mixture  is  com- 
pressed, and  ignition  takes  place,  fol- 
lowed by  the  explosion. 

In  this  case,  the  piston  really  acts 
like  a valve,  allowing  both  intake  and 
exhaust  at  a certain  fixed  time  in  the 
stroke.  As  both  inlet  and  exhaust 
ports  are  open  at  the  same  time,  there 
is  some  mixing  together  of  the  fresh 
charge  and  the  burned  gases,  thus  cut- 
ting down  the  explosive  force  on  the 
piston.  If  it  were  not  for  this  fact  of 
a weaker  resulting  mixture  and,  also, 
the  loss  of  some  of  the  fresh  charge 
through  the  exhaust  port,  the  two-cyde 

engine  would  give  twice  the  power  at  the  same  speed  as  the  four-cycle  and  with 
a similar  weight  and  bulk  of  material.  As  a matter  of  practice,  the  weakening  of 
the  charge  and  the  nature  of  the  valve  openings  make  the  two-cycle  type  a 
slow-speed  engine,  and  with  the  same  size  of  engine  only  about  30  per  cent, 
power  is  obtained,  using  perhaps  slightly  more  fuel  in  proportion  than  with  a 
more  similarly  powered  four-cycle  machine. 

Diesel  engines.  Engines  of  the  Diesel  type  (Fig.  313),  more  or  less  modified, 
are  a modern  development  for  farm  use  and  have  attained  considerable  popularity 
because  they  start  and  run  on  any  of  the  cheap,  low-grade  fuels  such  as  crude  oil, 
fuel  oil,  kerosene,  tops,  distillate,  etc.  They  are  of  the  four-cycle  type  but  re- 
quire neither  carburetor  nor  electric  ignition  system.  On  the  suction  stroke  of 
the  piston  pure  air  is  drawn  in  through  the  intake  valve  (o).  During  a part  of 
this  stroke  the  fuel  required  flows  by  gravity  into  a fuel  cup  (f)  through  a sep- 
arate needle  valve  (d)  the  amount  of  fuel  admitted  being  regulated  by  the  action 
of  the  engine  governor  on  this  valve.  On  the  compression 
stroke  the  air  is  compressed  very  highly  so  that  it  becomes 
extremely  hot,  ignites  a part  of  the  fuel  in  the  fuel  cup  and  the 
pressure  created  by  this  burning  portion  forces  the  remaining 
fuel  oil  as  a spray  ( h ) out  of  the  cup  and 
through  the  spray  openings  (g)  into  the  cylin- 
der (Jt)  where  it  bums  and  creates  an  explosive 
pressure,  forcing  the  piston  ( l ) out  on 
the  expansion  stroke.  At  the  end  of 
this  stroke  the  exhaust  valve  opens  and 
the  piston  traveling  back  on  the  ex- 
haust stroke  forces  the  burned 
out  through  the.muffler. 


Valves.  -^The  important  part  of  engine  de- 
sign is  in  the  size,  location,  and  operation  of 
the  valves.  They  determine  to  a large  degree 
the  possible  speed,  power,  and  efficiency  of  the 
engine.  In  the  four-cycle  engine  they  are 
usually  operated  by  a series  of  cams  on  a shaft 
. to  the  crank  shaft  and  running  at  half 
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Flo  313.  Section  th  

tine,  a air  intake  valve;  b fuel  passage;  c needle 
Ive  stem;  d needle  valve;  e valve  into  f,  fuel  cup;  g 
spray  opening;  k spray  of  vapor;  i fuel  supply  pipe; 
k cylinder;  l piston. 
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explosion  as  high  as  possible.  Such  high 
temperatures  as  are  obtained  would 
cause  expansion  of  all  parts,  increase 
friction,  cause  binding,  and,  in  some 
cases,  melt  the  metal,  if  it  were  not  for 
some  means  of  carrying  off  the  surplus 
heat  from  the  parts  as  rapidly  as  it  is 
created.  This,  of  course,  causes  a tre- 
mendous loss  of  energy,  and  consti- 
tutes a big  problem  in  design.  Any  en- 
gine will  operate  better  hot  than  cold  or 
warm. 

The  air-cooled  engine  has  flaring 
ribs  or  flanges  on  the  outside  of  the 
cylinder  casting,  in  order  to  increase 
the  radiating  surface.  Air-cooled  en- 


Fig.  .314.  End  and  side  views  of  valves  (a  stem,  b face) 
showing  in  A normal  condition  and,  in  B,  C,  and  D various 
troubles.  B illustrates  worn  spots  (c)  which  cause  the  escape 
of  gas;  C shows  a pitted  surface;  D shows  a burned  spot  (c) 
which  cannot  be  repaired,  but  which  fortunately  is  not  com- 
mon. The  other  troubles  can  usually  be  corrected  by  grinding. 


) gines  are  lighter  and  usually  run  better 
* than  water-cooled  ones.  They  are  al- 
® ways  small  units.  Water-cooled  engines 
£ are  more  generally  used,  though  not 
u always  the  best.  In  this  type,  the  cylinder 
has  a double  wall  through  which  water  cir- 


its  speed.  These  cams  open  the  valves  at 
the  proper  points  in  the  stroke,  and  coiled 
springs  close  them.  When  carbon  accumu- 
lates in  the  cylinder,  it  is  apt  to  be  found  on 
the  valves  and  on  the  valve  seats.  This 
prevents  tight  closing,  allows  leakage,  and 
causes  loss  of  power.  It  is,  therefore,  a 
good  plan  to  grind  the  valves  occasionally 
with  a fine  pumice-stone  paste,  so  that  they 
will  always  seat  tightly. 

Governors.  Many  stationary  oil  engines 
have  governors  of  one  kind  or  another.  The 


Fig.  315.  One  type  of  valve  trouble  comes  from  the 
wearing  of  the  seats  and  valves  until  shoulders  are  formed, 
which  prevent  tight  closing  and  therefore  complete 
compression. 

hit-or-miss  type  is  very  common.  In  this,  the 
exhaust  valve  is  held  open  and  the  inlet  valve 
closed  until  the  engine  slows  up,  then  the 
exhaust  valve  closes,  and  proper  admission  of 
gas  takes  place.  Sometimes  the  governor 
operates  so  as  to  admit  gas  only  once  in  so 
many  strokes,  depending  on  the  speed  of  the 
machine.  In  all  cases,  the  governor  itself  is 
some  modification  of  weighted  levers  which 
are  forced  out  by  centrifugal  force  as  the  speed 
of  rotation  increases.  They  are  like  steam- 
engine  governors  in  principle. 

Cooling  systems.  Two  general  methods 
of  cooling  are  practised — air  cooling  and  water 
cooling.  Occasionally,  an  oil-cooling  method 
is  also  employed.  Cooling  is  necessary  in 
the  interests  of  efficiency  to  increase  compres- 
sion, speed  of  explosion,  and  so  forth,  and  in 
every  way  to  make  the  temperature  of 


culates,  from  a tank  or  radiator,  around 
the  explosion  cylinder  and,  in  large  engines, 
through  the  piston  which  is  made  hollow. 
Both  types  sometimes  have  auxiliary  fan 
equipment  to  blow  cold  air  over  the  engine, 
or,  more  often,  to  draw  air  through  the  radia- 
tor and  increase  the  radiation. 

The  water  is  sometimes  circulated  by 
a small  pump  but  more  often,  as  a result  of 
the  change  in  temperature  setting  up  currents 
which  flow  completely  around  the  system. 
Occasionally,  water,  from  some  plentiful 
source  just  flows  continually  through  the 
whole  water  jacket.  The  trouble  most  often 
encountered  with  water  cooling  results  in 
the  winter  from  forgetting  to  empty  the 
radiator  or  tank  and  water  jacket.  Such 
forgetfulness  frequently  results  in  a cracked 
cylinder  or  broken  pipes.  Oil,  alcohol  and 
special  preparations  are  frequently  used 
in  freezing  weather  to  prevent  this.  However, 
as  a rule  it  is  best  to  drain  the  water-cooling 
system  whenever  it  is  necessary  to  leave  the 
engine  idle  for  any  length  of  time  in  a place 
where  the  temperature  is 


Fig.  316.  Other  valve  troubles:  a and  b bent  stems; 
c accumulation  of  carbon  preventing  tight  dosing: 
d incorrect  adjustment  of  stem  so  that  valve  is  not  lifted 
when  it  should  be. 
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Care  and  Management 

Cleanliness  is  the  first  essential  in  the  proper  care  of  engines.  The  cylinder, 
valves,  ignition  parts,  and  the  machine  generally  should  be  kept  free  from  dirt 
and  other  foreign  substances.  Otherwise,  short  circuits  in  the  electrical  system 
and  loose  parts  in  the  machinery  will  result. 

Oiling  is  another  essential.  All  cups  should  be  kept  full  and  running  at  all 
times  when  the  engine  is  operated.  In  starting,  the  engine  should  be  turned  over 
by  hand  to  see  if  it  is  "free” ; it  should  then  be  started,  and  the  oil  system  put  into 
operation  at  once.  A high-grade  oil  is  required  for  the  engine  cylinder  where 
temperatures  are  very  high,  while  medium  or  light-weight  oils  are  used  for 
bearings  and  the  like.  In  winter,  lighter  oils  can  be  used  than  in  summer. 
Proper  oil  circulation  should  be  insured  by  the  use  of  an  oil  pump  in  the  system. 

The  fuel  oil  must  flow  freely,  and  admission  of  air  into  the  storage  tank 
must  always  be  provided  for,  in  order  to  force  the  fuel  feed.  Usually,  there 
is  a tiny  hole  in  the  cover,  which  takes  care  of  that  point. 

The  water  jacket  must  always  contain  water,  as  a few  minutes'  run  without 
water  cooling  would  be  very  likely  to  destroy  the  engine. 

The  ignition  system  must  be  kept  in  operating  shape  and  given  careful  in- 
spection involving  the  tightening  of  all  connections,  the  keeping  of  all  wires  dry, 
the  maintaining  of  the  voltage  of  the  battery  used,  and  certainty  that  the  igni- 
tion points  of  the  spark  plug  or  other  electric  igniter  are  clean. 

Except  in  cases  of  overheating  and  binding  parts,  an  engine  will  stop  only 
when  there  is  either  lack  of  the  explosive  mixture  or  a broken  electrical  connec- 
tion. An  intermittent  engine  action  may  be  due  to  a poor  electrical  connec- 
tion, leaky  valves,  or  poor  mixture. 
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valve  must  be  opened  during  the  early  part 
of  an  outstroke.  Occasionally,  it  is  operated 
by  the  suction  of  the  piston,  but  more  fre- 
quently by  cams.  The  exhaust  valve  opens 
before  the  end  of  the  explosion  stroke  and 
remains  open  until  the  end  of  the  exhaust 
stroke.  Directions  for  timing  and  for  setting 
are  alwayB  provided  for  each  individual  engine 
by  the  manufacturer,  but,  when  received  from 


the  factory,  the  engine  should  be  properly 
timed.  There  is,  therefore,  rarely  any  neces- 
sity of  timing  it  again  unless  the  engine  should 
be  taken  apart  for  cleaning  and  repair.  In 
this  case  it  would  be  advisable  first  of  all  to 
mark  with  a prickpunch  the  matching  points 
of  the  various  parts,  so  that  in  reassembling 
the  engine  they  can  be  fitted  together  again 
just  as  they  were  before  being  taken  apart. 


Judging  and  Buying  an  Engine 

Size  required.  For  most  indoor  operations  on  the  farm,  such 
as  running  a chum,  washing  machine,  grindstone,  com  sheller, 

pump,  etc.,  an  engine  will  need  up  to  2 
or  3 horsepower.  Feed  mills  and  eleva- 
tors will  use  up  to  5 horsepower.  An 
ensilage  cutter  should  be  from  6 to  30 
horsepower,  while  a threshing  machine 
usually  takes  somewhat  more  than  that. 
The  best  plan  where  all  of  this  work  is 
to  be  done  is  to  get  2 en- 
gines: one  of,  say,  4-  or 


5-horsepower,  and  the 
other  larger  and  big 
enough  to  take  care  of 
the  heaviest  work  you 
have  to  do.  A heavy 

Fig.  318.  Horizontal,  internal  combustion  engine  of  a standard  farm  type  engine  miming  Under  a 
mounted  on  skids  for  easy  transportation  about  the  farm.  A truck  may  replace  email  InaH  nf  9-  nr  *1. 
the  skids.  One  fly  wheel  has  been  removed  to  show  parts  as  follows:  a gaso-  lOdAl  Ui  Cr  ur  Cr- 

ime valve;  b water  valve;  c kerosene  valve:  d intake  valve;  e magneto;  / exhaust  hOrseDOWCT  Will  take  3S 
valve;  g compression  relief  cam;  A side  shaft;  « speed  changing  device;  j governor;  **  • | ^ i -i 

A fuel  pump;  / mechanical  oiler;  m fuel  tank;  n tool  box;  o crank  case  (endowed)  mUCil  IU6l  Sllu  Oil  ES  E 

5-horsepowerengine  run- 
ning at  full  load.  The  saving  effected  by  using  a small  engine  for  light  work  will 
pay  for  the  engine  in  a short  time. 


Sources  of  Electrical  Supply 

Determining  the  horsepower  of  an  engine.  The  use  of  the  indicator  and  prony 
brake  for  finding  the  power  of  an  engine  has  been  discussed  in  the  preceding 
chapter.  Gasoline  ana  oil  engines  are  generally  rated  at  their  brake  horsepower, 
but  it  is  also  possible  to  obtain  a theoretical  figure  on  the  basis  of  the  engine’s 
dimensions.  Thus  the  horsepower  of  an  engine  depends  on  its  speed,  the  diam- 
eter of  the  cylinder,  and  the  length  of  the  stroke.  Of  course,  the  fuel  and  mix- 
ture have  a great  deal  to  do  with  it.  Four-stroke-cycle  engines  will  give  power 
approximately  in  accordance  with  the  following  formula: 

„ Diam.  x Diam.  x Stroke  x Speed 

Horsepower  jg^o 

The  diameter  of  cylinder  and  length  of  stroke  must  be  measured  in  inches;  the 
speed,  in  revolutions  per  minute. 

Essential  points  in  buying  an  engine.  In  buying  'an  engine,  see  that  it  is 
large  enough  for  the  work,  yet  not  too  large.  In  construction,  it  must  be  heavy 
enough  to  “stand  the  racket.”  Look  to  the  thickness  of  the  frame  for  this.  The 
bearings  must  he  easily  accessible;  any  adjustments  should  be  positive;  and  the 
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bearings  themselves  should  be  large,  the  thickness  of  metal  being  about  one-half 
the  shaft  diameter,  and  the  length  of  bearing  being  2£  to  4 times  the  diameter  of 
shaft.  The  lubrication  system  should  be  positive  in  its  action.  The  general 
construction  should  be  well  done.  Consideration  should  be  given  to  the  questions 
whether  a stationary  or  a portable  type  is  wanted  and  whether  of  high  or  of  low 
speed.  The  high-speed  type  is  very  much  lighter,  but  not  so  favored  for  farm 
work.  The  governor  should  be  carefully  looked  over,  to  see  if  it  is  simple, 
satisfactory,  and  not  likely  to  get  out  of  order  readily.  The  ignition  system 
should  be  complete  and  well  protected  from  the  weather,  the  oil,  and  continual 
handling. 

Internal-combustion  versus  steam  engines.  There  are  many  points  in  favor 
of  the  oil  engine,  such  as  less  chance  of  explosion,  less  complication,  and  less 
knowledge  necessary  to  operate  it.  The  interest  on  the  first  cost  of  the  plant 
will  be  less,  and  the  depreciation  should  be  slightly  less.  Yet  the  steam  engine 
has  a number  of  points  m its  favor,  the  most  important  being  that  it  can  be  over- 
loaded. The  steam  pressure  may  be  increased  to  the  strength  capacity  of  the 
boiler,  and  in  that  way  the  10-horsepower  engine  may  be  made  to  give  25  or  more 
horsepower  for  a short  period,  if  an  emergency  should  arise.  Of  course,  this 
would  mean  increased  coal  consumption.  Then,  too,  the  exhaust  steam  may  be 
used,  to  some  extent,  about  the  farm  for  all  manner  of  purposes — heating,  ster- 
ilizing, etc.  In  fact,  it  is  found  that  exhaust  steam  has  really  greater  heating 
value  than  live  steam  of  the  same  temperature  and  pressure,  probably  because  of 
the  slight  pulsation  or  throbbing  from  the  action  of  the  engine. 

The  steam  boiler  requires  constant  attendance  in  keeping  up  the  fire  and  keep- 
ing the  water  level  neither  too  high  nor  too  low.  It  requires  attendance  in  getting 
up  steam  long  before  it  is  time  to  start  using  it;  and,  when  the  engine  is  not  used, 
if  the  fire  is  kept  up,  care  must  be  taken  of  the  outfit. 

Against  this  may  be  put  the  fact  that  the  oil  engine  may  be  started  at  a 
moment’s  notice  and,  when  done  with,  may  be  shut  down  and  no  attention  what- 
ever paid  to  it  until  the  next  time  it  is  needed,  provided  ordinary  care  is  taken 
of  it. 


Fig.  319.  Farm  type  of  gasoline  engine  mounted  on  low  metal  truck  to  which 
is  fitted  a removable  sliding-table  saw  rig.  With  this  detached  the  engine  may 
be  used  for  any  other  kind  of  belt  work. 
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CHAPTER  20 

How  to  Care 
for  Farm  Implements 


By  F.  H.  Demaree  (see  Chapter  8 ).  Every  farm  implement  should  have  various  cost  items 
ekmgm  against  it  so  that  the  owner  may  know  whether  or  not  it  is  giving  service  in  proportion  to  its 
value.  The  most  important  of  these  items  are:  the  original  cost;  the  interest  charge  for  the  money 
invested;  the  yearly  repair  cost;  and  the  annual  depreciation,  which  is  based  on  the  useful  lifetime 
of  the  machine . An  investigation  in  Ohio  showed  the  average  investment  in  machinery  on  a number 
of  farms,  averaging  160  acres  in  extent,  to  be  $77 U.  Another  investigation  gave  3 per  cent  as  an 
average  yearly  repair  cost  on  such  machines . Adding  6 per  cent  interest,  such  a farm  has  a charge 
of  nearly  $70  to  make  against  such  machinery  each  year.  If  it  lasts  1 0 years,  the  total  cost  of  prin- 
cipal (purchase  price),  interest,  and  repairs  will  by  that  time  be  $1  ,1>70.60.  If  the  average  160-acre 
farm  has  180  acres  of  crops,  each  must  be  charged  with  its  share  of  this  cost  or  slightly  more  than  $12 
in  the  period,  or  $1 .20  per  year.  If  the  machines  last  but  5 years,  the  cost  will  jump  to  $1 .87  per 
acre  per  year.  While  such  figures  are  but  averages,  they  indicate  one  result — the  financial  one — 
of  making  implements  last  and  keeping  them  in  good  condition.  There  are  other  results,  such  os 
easier  and  quicker  work,  better-satisfied  help,  horses  less  pulled  down,  etc.,  which,  though  harder  to 
put  on  a cash  basis,  are  no  less  important.  This  chapter  tells  how  to  insure  these  highly  desirable 
results  by  giving  farm  machines  the  right  kind  of  care. — Editor. 


IN  ORDER  to  decrease  the  cost  of  his  implements,  the  farmer  must  either 
make  them  last  a longer  time  or  operate  them  over  a greater  number  of  acres. 
Since  the  size  of  the  farm  is  a fixed  thing,  and  since  it  may  be  impossible  or  inad- 
visable to  cooperate  with  the  neighbors  m the  use  of  important  tools,  then  the  one 
great  means  of  decreasing  cost  is  to  extend  the  life  of  the  tools. 


Causes  of  Depreciation 

Normal  wear.  There  are  a number  of 
important  factors  entering  into  the  depreda- 
tion of  farm  machinery  of  which  the  chief, 
probably,  is  use.  That  is  what  the  implement 
is  for,  to  use,  but  it  is  naturally  desirable  to 
extend  the  service  over  as  long  a period  as 
possible. 

In  order  to  do  this,  all  tools  must  be  kept 
in  good  repair.  Broken  parts,  dull  working 
points,  and  loose  connections  all  tend  to  de- 
stroy the  usefulness  of  an  implement  far 
earlier  than  its  normal  time. 

Plow  shares,  cultivator  shovels,  disc  har- 
rows, scraper  blades  and  other  portions  of 
tools  that  stir  the  soil  must  be  kept  bright 
and  sharp  for  efficient  work.  An  extra 
share  (lathe)  should  be  kept  on  hand  for  each 
plow  to  be  used  in  case  of  emergency,  or 
valuable  time  will  surely  be  lost. 

Before  putting  any  implement  in  the  field 
after  a period  of  idleness  it  should  be  gone 
over  thoroughly  and  all  bolts,  bearings  and 
connections  tightened  up.  See  that  Broken 
parts,  even  if  minor  ones  and  not  seriously 
interfering  with  the  operation  of  the  machine, 
are  properly  repaired.  One  of  the  big  advan- 


tages of  a tool  shed  and  shop  on  the  farm  lies 
in  the  fact  that  rainy  days  can  be  well  em- 
ployed in  looking  over  and  repairing  the 
farm  tools. 

Rust  and  weathering.  When  a piece 
of  iron  rusts,  small  scales  form  on  it;  later 
these  drop  off  leaving  small  pits.  Rusted 
plow  shares,  moldboards,  cultivator  shovels 
and  other  parts  that  work  in  the  soil  are  full 
of  these  pits.  When  thoroughly  covered 
with  a coat  of  rust  they  never  scour  properly 
again.  Each  succeeding  coat  of  rust  makes 
them  worse  and  makes  them  require  more 
time  to  take  on  a soil  polish  again. 


Fig.  320.  r>o  you  wear  out  your  implements  or  rust 
them  out?  You  wouldn’t  leave  a piano  out  in  the  snow, 
yet  it  costs  no  more  and  is  no  more  useful  than  a binder. 
Why  is  it? 
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Fig.  321.  Well-cared  for,  nicely  adjusted  tools  do  the 
best  work  with  the  least  effort.  This  plow  is  hitched 
and  balanced  just  right  or  it  would  not  steer  itself. 

The  remedy  for  rust  is  oil  or  grease.  Every 
tool  that  requires  a polished  surface  for  proper 
work  should  be  kept  well  greased  when  idle. 
It  is  very  much  worth  while  to  keep  a grease 
rag  with  every  plow,  planter,  seeder  and  cul- 
tivator. At  night,  clean  the  dirt  away  from 
scouring  parts  carefully,  then  smear  them 
well  with  the  grease  rag.  When  one  un- 
hitches at  night,  he  never  knows  but  that  a 
sudden  shower  will  keep  him  from  the  field 
the  next  day,  and  maybe  longer.  In  that 
case,  if  the  scouring  parts  are  not  greased, 
much  delay  will  be  caused  in  getting  them 
polished  again. 

When  an  implement  or  tool  of  this  de- 
scription is  put  away  for  the  season,  the  scour- 
ing parts  should  be  given  a thick  smear  of 
axle  grease.  This  will  prevent  the  rust  and, 
when  the  tools  are  to  be  used  again,  it  will 
only  require  a few  minutes  to  scrape  off  the 
grease  and  wash  the  scouring  surface  with 
kerosene.  The  tool  is  then  ready  for  business. 

The  action  of  sun,  wind  and  rain  will  soon 
cause  the  best  of  paint  to  blister  and  crack. 
It  does  not  take  long  for  unhoused  imple- 
ments to  look  old;  as  the  paint  scales  from 
iron  parts,  rust  scales  form  and  fall  away, 
the  piece  attacked  gradually  weakens  until 


get  a cheap  letter  file,  and  file  all  such  sheets 
away  alphabetically,  so  they  can  be  found 
when  needed. 

When  using  a new  implement,  study  it 
until  you  know  how  it  ought  to  operate. 
Study  the  direction  sheet  carefully,  then  see 
that  the  various  points  of  adjustment  are 
kept  in  proper  position.  This  is  what  makes 
an  old  implement  run  like  new . 

Lubrication 

Farm  machinery  is  of  necessity  subject  to 
much  abuse.  Tools  that  are  put  in  the  field 
will  always  be  called  on  to  work  under  adverse 
conditions  that  can  not  be  much  improved. 
For  this  reason  manufacturers  are  doing 
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parts  may  become  water-soaked  and  start  to 
decay  after  the  paint  peels  off,  or  become 
attacked  by  boring  insects  of  various  sorts. 
All  of  these  things  shorten  the  life  of  the  tool. 
Good  housing  is  the  remedy . 

Lack  of  adjustment.  One  of  the  chief 
causes  of  undue  strain  and  wear  on  farm  tools 
when  in  operation  is  the  lack  of  proper  adjust- 
ment. Almost  all  implements  of  modern 
make  have  some  places  of  adjustment.  These 
may  be  for  the  purpose  of  taking  up  wear  or 
of  adapting  the  tools  to  different  conditions. 
The  man  who  pushes  right  ahead  until  the 
implement  absolutely  quits  is  merely  inviting 
trouble  and  expense. 

Every  implement  of  importance  carries  with 
it  directions  from  the  factory.  If  not  sup- 
plied , insist  on  getting  such  directions.  The 
makers  of  farm  tools  prepare  direction  sheets 
with  a great  deal  of  care  after  testing  out  the 
tools  under  various  working  conditions. 

Wherever  possible,  paste  the  direction  sheet 
on  the  implement  where  it  will  not  be  de- 
stroyed or  disfigured. . If  this  is  not  possible, 


his  share  in  the  matter  of  proper  lubrication. 

Kinds  of  lubricants.  There  are  3 kinds 
of  material  used  for  lubrication:  oil,  grease, 
and  dry  materials,  such  as  graphite  ana  mica. 
Of  these  the  liquid  oil,  hard  oil,  and  grease 
are  in  common  use  on  most  farms. 

The  lubricant  must  be  adapted  to  the 
machine.  Oiling  a machine  does  not  nec- 
essarily lubricate  it.  All  wearing  parts  are 
more  or  less  rough.  It  is  the  function  of  the 
lubricant  to  fill  in  the  unevennesses  of  the 
wearing  surfaces  in  order  that  they  may  not 
touch,  and,  at  the  same  time,  to  have  “body” 
enough  to  form  a film  with  a tension  great 
enough  to  keep  the  „ 

surfaces  coated. 

Light  machinery 
with  highly-finished 
bearing  surfaces  re- 
quire a lighter-bodied 
oil,  than  heavier,  more 


A cream  separator  is 
one  of  the  light-run- 
ning machines  in  com- 
mon use. 

For  heavy  field 
tools,  such  as  binders, 
mowers,  rakes,  plant- 
ers, parts  of  threshing 
machines,  etc.,  a me- 
dium heavy  oil  will 
give  best  results. 

For  bearings  where 
dirt  and  dust  are  apt 
to  accumulate  badly, 
hard  oil  or  grease  sup- 
plied through  pressure 
cups  is  most  desirable. 
These  materials  not 
only  do  a good  job  of 
lubrication,  but  the 


pressure  keeps  the  lu- 
bricant constantly 
working  outward 
which,  of  course,  pre- 


Fig.  322.  Modern  ma- 
chinery is  made  adjustable 
to  different  conditions  and 
to  the  effect  of  wear.  The 
dotted  lines  show  how  the 
position  of  this  furrow 
wheel  of  a sulky  plow  can 
be  varied. 
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vents  much  dust  or  grit  from  working  into 
the  bearing. 

The  speed  at  which  bearings  are  run  is 
also  a factor  in  good  lubrication.  A slow- 
speed  bearing  carrying  a great  deal  of  pres- 
sure requires  hard  oil,  grease  or  a very  thick 
oil  with  plenty  of  body.  On  the  other  hand, 
a high-speed  bearing  requires  a thin,  light- 
bodied oil.  If  a thick  oil  or  grease  is  used  in 
such  bearings,  the  friction  in  the  lubricant 
itself  will  be  sufficient  to  cause  the  bearing 
to  heat. 

Graphite  and  mica  are  not  commonly  used 
on  the  farm  for  lubrication.  Their  higher 
cost  compared  with  the  other  materials  just 
mentioned  hinders  their  use.  A little  pow- 
dered graphite  dusted  into  bearings,  however, 
helps  smooth  them  up  wonderfully.  It  will 
not  gather  dust  as  will  hard  oil  or  grease,  so 
that  its  use  should  receive  more  considera- 
tion. A stick  of  ordinary  lamp  black  can  be 
used  to  advantage  on  drive  chains  of  all  kinds. 
Simply  hold  the  stick  to  the  chain  as  the 
machine  is  in  operation. 

Shelter 

Need  of  shelter.  In  discussing  the  sub- 
ject of  shelter  for  farm  tools,  the  author  of 
Bulletin  338  of  the  U.  S.  Department  of 
Agriculture,  makes  the  following  statement: 
“Much  has  been  written  and  said  about  the 
waste  incurred  by  lack  of  housing  for  ma- 
chinery on  farms.  Many  large  and  successful 
farmers  do  not  shelter  their  machinery  at  all. 
The  principle  which  guides  them  is  that,  if  a 
machine  not  housed  at  all  will  wear  out  before 
it  is  injured  by  exposure,  there  is  no  need  to 
shelter  it.  The  larger  the  amount  of  work 
that  can  be  done  with  an  implement  annually, 
therefore,  the  less  need  there  is  to  house  it. 
The  waste,  by  depreciation,  of  capital  in- 
vested in  farm  machinery  is  caused  primarily 
by  the  inability  of  the  smaller  farms  to  wear 
out  their  implements  with  profitable  use.  An 
economic  remedy  is  partial  reorganization 
of  their  business  and  cooperation  with  neigh- 
bors so  that  more  work  can  be  done  annually 
with  the  machinery  equipment.”  . 

It  is  true  that  a great  many  farmers  seem  to 
go  on  this  theory,  at  least  judging  by  the 


Fig.  324.  A sensible,  economical  implement  shed.  It 
pays  to  make  a building  worthy  of  the  equipment  it 
shelters.  This  would  be  improved  by  the  addition  of 
doors. 

number  of  unhoused  implements  one  sees 
over  the  country.  It  is  also  true  that  there 
is  no  available  data  on  the  relative  life  of 
machinery  when  housed  and  when  not  housed. 
Practical  observation,  however,  will  not  per- 
mit of  any  other  conclusion  than  that  housed 
implements  last  longer , give  less  trouble  and 
look  decidedly  better  than  unhoused  ones. 

Furthermore  the  economic  remedy  sug- 
gested above  fits  too  few  cases  to  be  effective; 
a farmer  cannot  change  his  land  acreage  at 
will.  Moreover,  the  use  of  the  various  farm 
tools  is  practically  universal  on  every  farm 
in  the  community  at  any  given  time.  For 
instance,  when  ground  should  be  plowed,  every 
farmer  is  at  it;  when  corn  is  small,  every  farmer 
should  be  cultivating.  Practical  necessity 
rather  than  the  lack  of  desire  to  cooperate 
has  driven  each  farmer  to  maintain  a rather 
complete  line  of  machinery  according  to  his 
system  of  farming. 

It  is  very  true,  however,  that  the  small 
farmer — the  man  with  few  acres — has  a 
machinery  investment  proportionately  larger 
than  the  man  with  more  land.  The  small 
size  of  his  business  will  then  be  a disadvantage 
and  without  working  more  land,  his  only  re- 
course in  reducing  the  cost  of  his  tools  is  to 
practice  as  much  cooperation  with  neighbors 
as  circumstances  will  permit,  and  to  insure 
greater  length  of  life  for  his  tools.  As  before, 
this  means  careful  handling  and  adequate 
housing. 

Storage  places  for  implements.  It  is 
good  business  to  reduce  storage  charges  on 
farm  tools  as  much  as  possible.  Crib  drive- 
ways and  lean-to  sheds  are  the  most  common 
places  that  the  average  farm  presents 
for  storage.  It  must  be  admitted,  though, 
that  implements  so  stored  are  nearly 
always  in  the  way  at  one  time  or  an- 
other, so  that  a machine  shed  on  every 
farm  is  highly  desirable. 

A good  machine  shed.  A farmer 
with  160  acres  of  land  that  is  mostly  till- 
able and  growing  com,  oats,  wheat  and 
clover  will  have  about  the  following 
equipment:  Walking  plow,  gang  plow, 
drag  harrow,  2 disc  harrows,  corrugated 
roller,  wheat  drill,  com  planter,  2 cul- 
tivators, mower,  side-delivery  rake,  hay 
loader,  grain  binder,  manure  spreader, 


Fig.  323.  Such  protection  as  this  is  a little — but  only  a littl< 
better  than  none  at  all.  k Why  not  go  all  the  way? 
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wagon  and  handy  wagon.  In  normal  times 
this  equipment,  when  new,  will  have  a value 
of  about  $1,000. 

This  machinery  can  all  be  housed  in  a 
building  24  by  36  feet.  In  making  such  a 
shelter,  it  is  not  necessary  to  have  a founda- 
tion except  for  the  posts;  these  supports 
are  best  made  of  concrete.  The  floor  should 
be  of  earth  or  cinders,  slightly  raised  above 
the  level  of  surrounding  land.  A drain  around 
the  outside  of  the  building  is  necessary  to 
revent  water  from  soaking  up  through  the 
oor. 

For  greater  convenience  and  at  little  extra 
cost,  both  sides  of  the  building  can  be  con- 
structed with  sliding  doors  the  entire  length 
of  the  shed.  The  tracks  should  be  laid  so 
that  one  door  will  slide  by  the  one  next  to  it. 
The  doors  should  be  about  10  feet  wide  so  as 
to  permit  driving  into  the  shed  with  any 
implement.  Where  doors  are  on  both  sides 
they  afford  an  opportunity  to  drive  into  the 
building,  unhitch  and  drive  the  team  out 
on  the  opposite  side.  This  will  do  away  with 
a great  deal  of  hand  pushing  and  lifting  when 
storing  the  tools  for  winter. 

The  Farm  Shop 

Some  sort  of  farm  shop,  where  tools  or 
other  farm  equipment  may  be  taken  for  all 
but  the  more  complicated  repairs,  is  indis- 
pensable to  a well-organized  farm.  Such  a 
farm  will  save  both  time  and  money  in  its 
ability  to  have  this  work  done  at  home.  If 
the  proper  equipment  is  at  hand,  many  repair 
jobs  can  be  done  before  the  broken  parts 
could  be  taken  to  town,  let  alone  repaired 
there  or  replaced. 


r 


Fig.  326.  Another  type  of  shop  and  machine  shed 
combined.  Plenty  of  light  and  some  heat  are  needed  to 
make  winter  repair  work  both  comfortable  and  efficient. 


gested,  an  addition  14  or  15  feet  wide  at  one 
end  will  make  an  excellent  shop,  large  enough 
for  all  ordinary  purposes. 

The  shop  should  be  well  lighted  with  win- 
dows on  3 sides;  if  it  is  a part  of  the  machine 
shed,  a wide  door  should  connect  the  two. 

A concrete  floor  is  preferable,  owing  to  the 
ease  with  which  various  pieces  of  equipment 
may  be  bolted  down  securely  to  it.  There  is 
also  the  advantage  of  less  danger  from  fire 
and  the  ease  with  which  the  shop  may  be 
kept  clean  and  tidy. 

The  following  general  arrangement  and 
equipment  for  a farm  shop  to  be  located  in  a 
special  building  has  been  suggested  by  Prof. 
I.  W.  Dickerson,  formerly  of  the  University 
of  Illinois.  Such  a building  should  be  about 
18  feet  square  to  give  ample  space  for  work. 
The  plan  is  to  run  most  of  the  equipment  by 
power,  but  in  case  this  is  not  done  and  some  of 
the  equipment  is,  therefore,  not  installed, 
the  layout  will  still  prove  valuable  in  helping 
one  make  a plan  for  a good,  convenient  shop. 

Shop  equipment.  Fairly  complete  equip- 
ment for  carpenter  work,  iron  work,  soldering 
and  harness  repair  can  be  bought  in  normal 
times  for  about  $175,  not  including  a gasoline 
engine.  Suggested  equipment  for  a complete 
shop  is  as  follows: 

For  Carpenter  Work 
1 bit-stock  or  brace 

8 auger  bits,  A.  1.  A.  I.  A.  i»  f»  ! inch 
1 claw  hammer,  1 J-pound 
1 carpenter's  square 
1 try-square,  8- inch 
1 marking  gauge 
1 ripsaw,  26-inch 
1 handsaw,  26-inch 
1 keyhole  saw 
1 jack  plane,  14-inch 
1 smoothing  plane,  8-inch 
3 firmer  chisels,  1,  i,  } inch 
1 level,  25-inch 
1 draw  knife,  12-inch 
1 dividers,  8-inch 
1 wood  rasp,  14-inch 
1 screw  driver,  10-inch 
1 wood  bench  and  vise 
1 screw  driver,  6-incb 
Nails  and  screws 
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For  Iron  Work 


1 blacksmith's  sledge,  10-pound 
1 anvil  hand  hammer,  3-pound 

1 machinist's  ball-peen  hammer  11- pound 

2 cold  chisels,  1 and  1 inch 
5 punches,  ft,  *.  ft,  1,  | inch 
1 centre  punch 

1 adjustable  hacksaw  frame 
1 dozen  hacksaw  blades 


12  twist  drills,  ft, 
6 assorted  files  wi 


S’luu&Ie^’  *’  A’  *■*».*  to* 


1 screw-cutting  outfit  consisting  of  two  stocks  and  tap- 

wrench,  and  7 sizes  taps  and  adjustable  dies,  J,  ft, 

1 straight liardy,  1-inch 
1 cold-cut,  11  inch 


1 hot-cut.  If  inch 


1 straight  lip  tongs 

2 bolt  tongs,  | and  J inch 
1 forge  with  hand  blower 


1 anvil,  steel-faced.  100-pound 
1 iron  bench  and  vise 


For  Soldering 
1 tin  snips 

I SIMM’S copper-  1,-p0UDd 

Large  crystal  sal-ammoniac 
Commercially  pure  hydrochloric 
Powdered  rosin 


For  Harness  and  Leather  Work 
1 hand-belt  punch,  4 sizes 
1 hollow-drive  punch 
1 belt  awl 
1 coil  belt-lace  wire 
1 bunch  cut  laces,  J inch 
1 box  copper  rivets  and  burrs,  assorted 


1 lever  riveting  machine  and  box  hollow  steel  rivets. 

needles,  wax,  thread 
iron  repair  stand  with  three  lasts 

Miscellaneous  Tools 
1 monkey  wrench,  12-inch 
1 monkey  wrench,  8-inch 
5 double  end  S wrenches 
1 button  wire-cutting  piier,  10-inch 
1 pipe-threading  outfit,  with  pipe-stock  and  6 adiust- 
able  dies  for  J,  |,  J,  J,  l,  lj-mchpipe 

1 single-wheel  pipe  cutter 

2 Stillson  pipe  wrenches,  10  and  14  inch 
1 open-hinge  pipe  vise 

1 pinch-pomt  steel  crowbar 
1 trowel  for  concrete  work,  10-inch 
1 pointing  trowel 
1 sidewalk  edger 
1 sidewalk  groover 
1 putty  knife 
1 glass  cutter 

1 melting  ladle  for  Babbitting 
'2\  pounds  Babbit  metal 
; Assorted  paint  brushes 

Machinery  equipment.  Where  power  is 
desired,  a 3-  or  4-horsepower  gasoline  engine 
will  be  needed,  unless  electricity  is  available. 
In  addition,  an  emery  wheel,  grindstone,  post 
drill-press,  main  shafting,  pulleys,  hangers 
and  belting  will  complete  the  equipment. 
In  figuring  sizes  of  pulleys,  it  will  first  be 
necessary  to  know  the  number  of  revolutions 
per  minute  the  engine  runs  normally,  then  to 
find  at  what  speed  the  various  other  tools 
should  run  and  belt  them  up  accordingly. 


Flc.  327.  A conveniently  airanged  and  well-equipped  shop  in  which ] 
any  but  the  most  complicated  job  of  farm  repair  work  could  be  handled. 
If  more  room  were  available,  it  would  be  well  to  leave  enough  clear  floor  J 
space  to  accommodate  a wagon  or  piece  of  farm  machinery. 
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VOLUME  III— PART  IV 

Farm  Construction  and 
Engineering 

WHEN  the  city  man,  the  business  man  or  the  manufacturer  has  a piece  of 
constructive  work  before  him,  whether  it  is  the  paving  of  a backyard,  the 
building  of  a flight  of  stairs,  the  planning  of  a factory  or  the  layout  of  a new  equip- 
ment of  machinery,  he  usually  calls  in  a professional  engineer  either  to  advise 
or  to  take  over  the  whole  job.  This  expert  may  restrict  his  activities  to  but  one 
branch  of  engineering,  such  as  mechanical,  electrical,  civil  or  architectural,  so 
that  the  completion  of  the  task  may  call  for  several  consultations  and  the  com- 
bined services  of  half  a dozen  skilled  workers. 

When,  on  the  other  hand,  the  farmer  is  confronted  by  a correspondingly 
important  task,  he  usually,  almost  invariably,  attacks  and  completes  it  alone. 
This  is  partly  because  he  is  more  or  less  out  of  reach  of,  or  at  all  events  out  of 
touch  with  specialists  in  the  line  of  work  at  hand.  It  may  also  be  due  to  the 
fact  that  their  number  is  relatively  small,  even  though  every  year  is  seeing  more 
technically  trained  engineers  apply  themselves  to  the  opportunities  offered  in 
agricultural  lines.  In  any  case  he  solves  the  problem  in  one  of  two  ways.  Either 
he  goes  ahead  with  what  skill  his  experience  has  given  him,  and  by  rule  of  thumb 
and  the  help  of  fortune  turns  out  something  that  is  more  or  less  satisfactory  and 
efficient;  or  else  he  seeks  out  what  information  he  can,  that  is  in  usably  simple 
form,  and  applies  the  rules  and  principles  that  he  is  able  to  make  out,  to  the  task 
at  hand. 

The  latter  is,  naturally,  the  safer  course,  since  the  principles  of  any  operation 
constitute  the  foundation  upon  which  its  successful  practice  rests.  However, 
there  has  long  been  a lack  of  data  and  advice  in  these  connections,  sufficiently 
detailed  and  accurate  to  be  of  value,  and  sufficiently  elementary  to  meet  the 
average  farmer’s  needs.  It  is  with  the  hope  of  meeting  these  requirements  that 
the  chapters  in  this  volume  have  been  prepared. 

Those  immediately  following  are  concerned  with  what  may  be  called  the 
Civil  Engineering  of  the  farm,  or,  from  another  point  of  view,  farm  construction 
and  maintenance.  Their  applications  to  the  handling  of  soils  and  of  crops  have 
been  treated  in  Volume  II,  just  as  have  the  uses  of  farm  machinery  in  their  rela- 
tion to  soil  management  and  crop  production.  The  wonders  that  are  being 
accomplished  by  means  of  irrigation  and  the  millions  of  acres  that  merely 
await  the  construction  of  drains  before  becoming  profitable,  suggest  the  practical 
value  of  farm  engineering  operations,  to  mention  only  two  of  them.  Moreover, 
in  many  respects,  we  are  only  at  the  threshold  of  the  possibilities  they  offer. 
The  farmer  of  the  next  quarter  century  who  prepares  his  way  with  the  help  oi 
the  printed  information  tnat  is  within  his  reach  and  carries  out  his  plans  with  the 
help  of  modem  mechanical  and  scientific  helps,  will  find  his  occupation  not  only 
the  most  useful  and  noble  of  occupations,  but  one  of  the  most  remarkable  and 
inspiring  as  well. — Editor. 
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CHAPTER  21 

Practical 
Farm  Surveying 

By  E.  W.  Lehmann,  Professor  of  Agricultural  Engi- 
neering in  the  University  of  Missouri , whose  practical  ex- 
perience began  in  southern  Mississippi , where  he  teas  bom 
and  lived  on  a farm  until  he  went  to  the  A.  & M.  College 
of  that  state.  Since  then  he  has  gone  back  and  worked  on 
the  farm  awhile  each  summer , and  at  present  he  has  a half 
interest  in  a farm  adjoining  the  old  home  place  which  his 
brother  and  he  are  improving.  He  has  done  all  kinds  of 
farm  work  ufrom  chopping  cotton  to  harvesting  com , and 
from  milking  to  dipping  the  cattle  for  the  Texas  fever  tick.” 

While  his  actual  farm  experience  has  been  gained  in  the 
South . he  feels  that  he  has  the  northern  viewpoint.  His 
college  training  brought  him  degrees  from  the  Mississippi  A.  & M.  College , the  Texas  A.  & M. 
College , and  the  Iowa  Stale  College,  and  also  took  him  for  shorter  courses  to  the  University  of  Wis- 
consin and  Cornell  University . He  taught  physics  8 years  at  the  Texas  A.  & M.  College  before 
taking  up  agricultural  engineering  work  at  the  Iowa  State  College  where  for  8 more  years  he 
taught  a practical  course  in  farm  surveying  and  drainage  as  well  as  courses  in  farm  sanitation , 
machinery , and  concrete  construction . While  in  Iowa  he  looked  after  several  drainage  problems. 
In  1916  he  left  to  take  charge  of  the  agricultural  engineering  work  at  the  Missouri  University. 
Since  taking  ike  position  he  has  supervised  some  tile  drainage  uxyrk  in  that  section. 

The  reader  will  find  it  of  interest  and  value  to  refer  to  this  chapter  in  connection  with  the  article 
on  Farm  Arithmetic  in  Chapter  18  of  Volume  IV. — Editor. 

Ti/TEASURING  and  mapping  land.  Surveying  is  the  operation  of  determining 
1VJL  the  dimension,  position,  volume,  or  area  of  any  part  of  the  earth’s  surface. 
A survey  includes  maps  as  well  as  data  and  notes  obtained  in  the  field,  such  as  the 
description  and  location  of  points,  comers,  and  monuments.  Every  farm  has 
its  engineering  problems,  many  of  which  are  classed  as  problems  for  a surveyor. 
The  great  need,  however,  is  not  so  much  for  more  surveyors  as  for  more  farmers 
with  the  ability  to  do  their  own  surveying.  The  farmer  as  a surveyor  should  be 
able  (1)  to  measure  accurately  the  area  of  his  fields;  (2)  to  subdivide  them  into 
equal  parts,  if  need  be;  (3)  to  locate  comers,  roads,  buildings,  fences,  and  tile 
drains;  (4)  to  make  maps  including  these  objects;  (5)  to  lay  out  tile  drains,  roads, 
and  terraces,  and  (6)  to  establish  the  proper  grades  for  the  men  to  work  by  in 
constructing  them. 

The  present  system  of  farm  management  (Volume  IV,  Chapters  1 and  2) 
makes  it  necessary  that  the  farmer  should  know  the  exact  acreage  of  each  field 
and  the  area  occupied  by  each  crop,  so  as  to  be  able  to  estimate  the  amount  each 
piece  of  land  should  produce.  He  should  know  the  space  occupied  by  each  road, 
fence,  and  ditch,  and  the  location  of  each  line  of  tile.  He  should  know  the  dis- 
tance between  his  buildings  and  have  them  arranged  so  that  the  work  of  doing 
the  chores  is  reduced  to  a minimum. 

Instruments  Used  in  Surveying 

The  equipment  used  in  farm  surveying  work  need  not  consist  of  high-priced 
instruments.  Quite  often  the  work  at  hand  can  be  done  by  means  of  inexpensive 
instruments  and  simple  devices  that  can  be  constructed  on  the  farm,  a few  of  which 
will  be  discussed  below  in  connection  with  the  regular  surveying  equipment. 
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The  ch«n  and  tape  are  used 
in  measuring  horizontal  distances. 
Land  surveys  were  originally  made 
almost  entirely  by  means  of  the 
Gunter’s  chain,  which  was  often 
referred  to  in  deeds,  conveying 
property  from  one  party  to  an- 
other. This  chain  is  66  feet  long 
divided  into  100  links  of  7.92 
inches  each.  The  reason  it  is 


Head  Chain  man  John  Smith 
Rear  Chain  man  Henru  Broun 
September  1.1311 


A B 


Fig.  328.  Part  of  two  pages  of  a notebook  showing  how  to  record 
data  in  measuring  a field  with  a tape 


such  a convenient  length  for  meas- 
uring areas  is  that  one  square  chain  is 
equal  to  one-tenth  of  an  acre.  The  objec- 
tions to  the  chain  are  that  (1)  it  is  heavy  and 
(2)  the  wear  at  the  link  ends  will  tend  to 
make  it  inaccurate. 


either  by  etching  or  by  stamping,  and  is 
graduated  into  feet  and  inches  or  feet  and 
tenths  of  a foot. 

The  usual  width  of  steel  tapes  is  either  one 
fourth  or  five  sixths  of  an  inch.  They  can 


Table  of  Linear  Measure  Using  Gunter* s Chain 

7.92  inches  (in.  or  " ) make  1 link  Gi) 

100  links  make  1 chain  (ch) 

80  chains  make  1 mile  (mi) 

Equivalent  Table 

Mile  Chains  Links  Inches 

1 80  8.000  63,360 

1 100  792 

1 7.92 

Table  oj  Surface  Measure  With  Gunter * s Chain 

625  square  links  (sq.  li.)  make  1 square  rod  (sq.  rd.) 

16  square  rods  make  1 square  chain  (sq.  ch.) 

10  square  chains  make  1 acre. 

640  acres  make  1 square  mile  or  1 section 


be  obtained  in  almost  any  length,  the  60-  and 
100-foot  lengths  being  the  most  common. 
They  are  arranged  to  be  carried  in  metal  and 
leather  cases  or  on  a reel.  In  many  cases 
100-foot  lengths  and  even  greater  ones  are 
carried  in  coils  which  can  be  easily  wound 
with  a little  practice. 

The  tape  has  a more  permanent  length 
than  the  chain,  because  of  its  lack  of  weanng 
surfaces.  It  is  light  and  its  smoothness 
makjes  it  easily  handled.  The  fact  that  it  is 
light  is  sometimes  a disadvantage  when  the 
wind  blows. 

Marking  or  chaining  pins.  Chaining  pins 
made  of  stout  steel  wire  are  used  in  mark- 


Equivalent  Table 

Acre  Square  Chains  Square  Rods  Square  Links 

1 10  160  100,000 
1 16  10,000 
1 625 


ing,  temporarily,  the  end  of  the  tape  or 
chain  while  measuring.  Eleven  pins  make  a 
complete  set,  and  are  carried  on  a ring  made 
of  spring  steel  wire  with  a catch.  A set  of 
pins  can  be  easily  made  of  No.  6 wire  by  any 
blacksmith. 


Table  oj  Linear  Measure  {in  fee t) 

12  inches  (in.  or  ")  make  1 foot  (ft.  or  0 
3 feet  make  1 yard  (yd.) 

5}  yards  or  16}  feet  make  1 rod  (rd.) 

320  rods  make  1 mile  (mi.) 


Equivalent  Table 


Mile 

Rods 

Yards 

Feet 

Inches 

1 

320 

1,760 

5,280 

63,360 

1 

5} 

16} 

198 

1 

3 

36 

1 

12 

Table  of  Surface  Measure 

144  square  inches  (so.  in.)  make  1 square  foot  (sq.  ft.) 

9 square  feet  (sq.  ft.)  make  1 square  yard  (sq.  yd.) 

30}  square  yards  make  1 square  rod  (sq.  rd.) 

160  square  rods  make  1 acre. 

Equivalent  Table 

Acre  Sq.  rods  Sq.  yards  Sq.  feet  Sq.  inches 
1 160  4,840  43,560  6,272,640 

1 30}  272}  39,209 

1 9 1,296 

1 144 

Tapes.  The  tapes  suitable  for  use  in 
surveying  work  are  the  metallic  and  the  steel 
tape,  the  latter  being  used  almost  altogether 
at  the  present  time.  The  metallic  tape  is 
of  cloth  reinforced  with  brass  wires  to  prevent 
its  being  stretched  when  in  use.  The  steel 
tape  is  the  more  accurate.  It  is  marked 


Range  or  flag  poles.  Range  or  flag  poles 
are  used  in  establishing  a line  in  survey- 
ing or  locating  a fence.  They  are  usually 
about  8 feet  in  length,  painted  with  alternate 
foot  lengths  red  and  white  so  they  can  be 
easily  seen  at  a distance.  The  lower  end 
of  each  flag  pole  is  shod  or  spiked  with  metal. 
A good  flag  pole  can  be  easily  made  of  2 x 2 
inch  scantling  by  beveling  the  corners  and 
painting  it. 

How  to  measure  with  a tape  or  chain. 
The  line  to  be  measured  is  first  marked  with 
range  poles;  the  head  chainman  then  takes  the 
11  pins,  marks  the  starting  point  with  one 
and  leads  off  with  the  zero  end  of  the  tape 
and  the  other  10  pins  toward  the  point  to 
which  the  distance  is  to  be  measured.  Just 
before  the  full  length  of  the  chain  has  been 
drawn  out  the  rear  chainman  signals  to  the 
head  chainman  by  calling  “halt,”  “chain,” 
or  “tape.”  As  the  tape  is  stretched  to  its 
full  length  by  the  head  chainman,  he  is  lined 
up  by  the  rear  chainman  who  calls  “stick” 
when  the  chain  is  properly  lined  and  drawn 
taut.  The  front  chainman  then  sticks  a pin, 
being  careful  to  place  it  so  no  error  will  be 
made,  and  calls  “stuck.”  The  rear  chainman 
then  pulls  up  the  rear  pin  and  both  men  move 
ahead  and  repeat  the  operation.  This  proc- 
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ess  is  repeated  until  the  head  chainman  has 
set  his  tenth  pin,  when  he  calls,  “out”  or 
“tally,”  at  which  the  rear  chainman  walks 
forward  and  gives  10  pins  he  has  collected  to 
the  front  chainman. 

In  the  use  of  either  tape  or  chain  in  measur- 
ing distances,  care  must  be  observed  to  see 
that  the  tape  is  kept  horizontal.  This  caution 
must  be  kept  in  mind,  especially  when  measur- 
ing on  a slope.  When  measuring  down  a 
slope  the  front  chainman  has  to  use  a plumb- 
bob  to  determine  the  point  at  which  to  stick 
the  pin. 

Errors  made.  In  the  use  of  the  tape  or 
chain  the  most  common  error  is  due  to  lack 
of  sufficient  pull  on  tape.  For  accurate 
results  the  tape  should  be  tested  between  2 
points  a measured  distance  apart  to  get  the 
necessary  pull.  Careless  plumbing  and  incor- 
rect alignment  are  also  causes  of  error.  The 
effect  of  the  wind  in  causing  the  tape  to  sag 
should  be  avoided.  Care  should  be  taken  to 
observe  the  zero  point  on  the  tape  and  to  take 
readings  carefully.  Errors  are  sometimes 
made  by  omitting  whole  chain  lengths. 

The  compass  is  used  to  establish  new  lines, 
to  determine  the  bearing  of  lines  already 
established,  and  to  retrace  old  lines  which 
are  lost.  The  essential  parts  of  a magnetic 
compass  are  the  line  of  sight,  the  graduated 
circular  box,  and  the  magnetic  needle.  The 
line  of  sight  is  attached  over  the  N and  S 
points  on  the  circular  box.  The  E and  W 
points  on  the  box  are  reversed  and  the  north 
point  of  the  needle  can  be  easily  designated 
from  the  South  point.  This  makes  it  pos- 
sible to  make  all  readings  direct.  The  com- 
pass box  is  attached  to  the  tripod  by  a ball- 
and-socket- joint,  and  leveled  by  plate  levels. 
In  reading  the  compass,  point  the  north  end 
of  the  compass  box  along  the  line  and  read 
the  north  end  of  the  needle.  For  example, 
when  the  box  is  pointed  to  the  northwest,  the 
needle  still  points  to  the  magnetic  north  and 
falls  in  the  part  of  the  circle  marked  with  the 
N and  W.  The  reading  would  be  N so  many 
degrees  W.  Such  a reading  would  be  a mag- 
netic reading  and  not  true. 

The  difference  between  the  magnetic  north 
toward  which  all  compasses  point  and  the 
true  north  is  called  the  magnetic  declination  or 
variation.  It  varies  from  place  to  place  and 
is  not  constant  (the  same)  for  any  one  place 
at  different  times.  Since  the  governmental 
surveys  are  based  on  true  north  readings  it  is 
important  to  know  the  variation  when  mak- 
ing a survey  with  a magnetic  compass. 


s N 


sighting  he  sighting  n,  sighting  m*  sighting  s>. 

Fig.  329.  Compass  readings  and  what  they  mean 
(sec  text) 


There  are  positions  on  the  earth’s  surface 
where  the  magnetic  variation  from  the  true 
north  is  zero,  that  is,  the  magnetic  readings 
and  the  true  north  readings  are  the  same. 
Such  a line  extends  across  the  United  States, 
beginning  in  Michigan  and  passing  to  the 
south  through  the  Carolinas.  At  all  points 
west  of  this  line  the  compass  shows  a varia- 
tion toward  the  east;  at  all  points  east  of  the 
line  it  has  a variation  toward  the  west.  This 
variation  is  as  much  as  20  degrees  in  the 
extreme  eastern  and  western  parts  of  the 
United  States.  In  all  government  surveys, 
the  variation  at  the  time  of  the  survey  is 
recorded,  so  it  is  an  easy  matter  to  determine 
this  value  when  new  surveys  are  made. 

Care  in  usinp  the  compass.  The  magnetic 
needle  is  a fine,  hardened  piece  of  steel, 
carefully  balanced,  hung  on  a delicate  pivot. 
Both  are  protected  by  a device  which  lifts  the 
needle  from  the  pivot  when  not  in  use. 
This  must  be  done  each  time  the  compass  is 
moved  from  one  position  to  another.  Care 
must  also  be  observed  when  taking  a reading 
to  see  that  the  needle  is  not  affected  by  local 
attraction.  If  too  near  a wire  fence  or  a pile 
of  old  iron,  or  if  the  instrument  man  carries 
a heavy  bunch  of  keys,  the  reading  may  be 
incorrect. 

The  plumb  line  is  the  simplest  and  most 
universally  used  of  all  surveying  instruments. 
The  finest  transit  requires  a plumb  line  so 
that  it  may  be  located  over  a £iven  point. 
For  farm  work  the  difference  m elevation 
between  points  fairly  close  together  can  be 
determined  by  means  of  a combination  of 
plumb  line  and  carpenter’s  steel  square.  For 
short  distances  the  grade  for  drains,  roads, 
and  terraces  can  be  established  with  this 
instrument.  Another  device  for  leveling 
work  where  the  plumb  line  is  used  (Fig.  330) 
is  nothing  more  than  an  A-frame  constructed 
of  1 x 4-inch  lumber  with  1 x 2-inch  braces 
of  light,  well-seasoned  wood.  An  instrument 
made  to  span  12  \ feet  is  a convenient  size.  The 
legs  should  be  cut  9 feet  2 inches  long  and  nailed 
together  at  right  angles  at  the  top  of  instru- 
ment. They  are  then  spread  until  they 
measure  exactly  12}  feet,  when  the  crossbar 
is  nailed  fast  so  it  will  be  exactly  3}  feet  from 
the  ground.  The  plumb  line  is  suspended 
from  the  top  of  the  A-frame  and  allowed  to 
swing  freely  until  it  comes  to  rest.  The 
crossbar  is  marked  where  the  line  crosses  it. 
The  A-frame  is  now  turned  end  for  end  on  the 
same  support  and  the  bar  again  marked 
where  it  was  crossed  by  the  line.  The  point 
midway  between  these  2 marks  is  distinctly 
marked  and  called  zero.  When  the  instrument 
is  in  use  and  the  plumb  line  falls  on  zero,  the 
points  at  which  the  legs  of  the  instrument  rest 
are  on  a level  line.  If  a grade  is  to  be  estab- 
lished and  the  fall  is  to  be  1 inch  in  12}  feet,  a 
1-inch  block  is  put  under  one  of  the  legB  when 
in  level  position  and  a mark  made  on  the  cross- 
bar. This  instrument  cannot  be  used  to  advan- 
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tage  when  the  wind  is  blowing.  If  a carpenter’s 
level  is  available,  the  A-frame  with  plumb- 
bob  should  not  be  used. 

Bubble  tube.  The  bubble  tube  is  an  es- 
sential part  of  all  surveying  instruments. 
By  means  of  it  the  level,  compass,  and  transit 
can  be  adjusted  so  that  the  tine  of  sight  will 
be  in  a definite  direction  or  plane  exactly  at 
right  angles  to  the  plumb,  or  vertical  line. 
The  bubble  tube  is  a curved  glass  tube  par- 
tially filled  with  alcohol  or  ether.  The  sen- 
sitiveness of  the  bubble  depends  on  the 
curvature  of  the  tube.  The  carpenter’s  level 
is  made  by  attaching  a level  tube  to  a block 
or  frame  and  adjusting  it  so  the  bubble  will 
remain  in  the  same  position  when  the  level  is 
reversed  on  a perfectly  level  surface.  A point 
on  the  tube  is  then  marked  to  indicate  its 
position  when  the  instrument  is  level. 

The  carpenter’s  level  for  surveying.  While 
the  carpenter’s  level  is  used  almost  altogether 
for  leveling  buildings  and  in  construction 
work,  it  can  also  be  used  to  advantage  in 
farm  leveling,  the  same  method  being  ob- 
served as  when  using  an  engineer’s  level. 
Figure  331  illustrates  carpenter’s  level  mounted 
and  with  sights  attached.  Readings  with 
the  carpenters  level  must  be  made  over  com- 
paratively short  distances.  An  A-frame,  as 
discussed  under  plumb  line  (p.  224),  with  a 
carpenter’s  level  attached  to  the  crossbar 
makes  a very  serviceable  farm  level.  In 
making  this  instrument  take  care  to  have  the 
horizontal  bar  to  which  the  level  is  attached 
a definite  distance  above  the  bottom  of  the  A- 
frame.  To  use  this  in  establishing  a definite 
grade,  one  leg  is  shortened  a little  with  a saw 
or  the  other  is  lengthened  by  means  of  a block 
of  wood  nailed  under  it.  To  make  a fall  of  1 
foot  to  the  100  feet,  a block  1$  inches  thick 
would  be  placed  under  one  leg  of  an  instru- 
ment spanning  12}  feet,  since  8 “steps”  with 
such  a frame  would  make  100  feet.  Where 
this  kind  of  an  instrument  is  used  for  laving 
out  terraces,  the  terrace  is  marked  off  by 
walking  the  instrument  around  the  hill.  In 
working  from  the  outlet  the  short  leg  is  kept 


in  front  and  moved  up  and  down  the  hill  until 
the  instrument  is  level.  It  is  then  carried  for* 
ward  and  the  back  leg  is  placed  where  the 
front  leg  rested.  Every  few  steps  the  points 
where  the  legs  rested  should  be  marked  with 
stakes. 

The  engineer’s  or  surveyor’s  level.  This 
consists  of  a bubble  tube,  a line  of  sight 
and  a vertical  axis.  The  line  of  sight  is 
attached  parallel  to  the  bubble  tube  and  at 
right  angles  to  the  vertical  axis  about  which 
they  revolve.  A very  satisfactory  farm  level 
can  be  secured  at  a cost  of  about  $20.  The 
uses  of  such  a level  on  a farm  are  many,  in- 
cluding: (1)  cross-section  work  to  determine 
the  necessary  excavation  in  ditching  and  road 
building;  (2)  determining  the  difference  in 
elevation  between  2 points,  as  in  finding  the 
total  fall  in  a stream  to  see  if  a hydraulic  ram 
can  be  installed;  (3)  establishing  grades  for 
drains,  roads,  terraces,  feeding  floors,  and 
walks,  etc.  To  make  it  possible  to  take 
readings  at  some  distance,  a telescope  is 
provided  for  a line  of  sight.  Cross-hairs  are 
set  in  the  telescope  to  be  used  as  sights. 

Level  rods.  Leveling  rods  are  graduated 
in  feet,  and  tenths  and  hundredths  of  a foot. 
For  very  accurate  work  a target  is  used  by 
which  the  readings  may  be  taken  to  one- 
thousandths  of  a foot.  Rods  known  as 
speaking  or  self-reading  rods  are  read  direct 
from  the  instrument  and  are  best  suited  for 
farm  leveling  work.  A graduated  tape  tacked 
on  a 1 x 4-inch  board  12  feet  long  makes  a 
very  satisfactory  rod. 

Setting  up  the  level.  In  setting  up  the 
level  the  work  at  hand  will  to  a great  extent 
determine  its  location.  Always  select  a 
point  from  which  readings  can  be  taken  for 
equal  distances  in  both  directions.  Set  up 
on  firm  ground  if  possible  with  plates  about 
level.  Spread  the  tripod  enough  to  make  it 
solid,  placing  2 tripod  shoes  or  feet  parallel 
to  the  general  line  of  levels.  Level  the  in- 
strument up  by  bringing  the  telescope  directly 
above  one  set  of  foot  screws.  When  one  of  the 
foot  or  leveling  screws  is  tightened  the  other 
must  be  released  to  prevent  it  binding;  thus 
they  must  be  turned  in  opposite  directions 
at  the  same  time  to  keep  them  to  a snug 


Fig.  331.  Carpenter’s  level  mounted  on  a standard 
and  equipped  with  sights,  as  used  in  simple  surveying. 
Inset  shows  the  bubble  tube  (enlarged  and  with  the 
curve  somewhat  exaggerated). 
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bearing.  When  turning  these  screws,  the 
bubble  will  always  go  in  the  direction  ol 
the  movement  of  the  left  thumb . When  the 
bubble  indicates  that  the  instrument  is 
level  over  one  set  of  screws,  revolve  the  tele- 
scope to  stand  over  the  other  set  and  make 
the  same  adjustment.  Continue  this  proc- 
ess until  the  instrument  is  level  in  whatever 
direction  it  is  pointed.  An  instrument  may 
be  perfectly  level,  but  it  will  not  give  accurate 
results  if  out  of  adjustment.  The  bubble 
tube  and  the  line  of  sight  must  be  parallel 
and  perpendicular  to  the  vertical  axis.  The 
instructions  for  testing  and  making  adjust- 
ment which  accompany  each  instrument  are 
better  than  any  general  statement  that  can 
be  made  here. 

To  take  readings,  focus  the  telescope  so 
that  the  rod  can  be  seen  clearly  and  adjust 
the  eye-piece  to  see  the  cross-hairs.  Be 
sure  that  the  rod  is  vertical  and  that  the 
bubble  is  in  the  centre  of  the  tube  before 
taking  a reading.  The  telescope  must  be 
readjusted  for  readings  when  the  rod  is  taken 
farther  away  or  brought  nearer  the  instru- 
ment. Do  not  disturb  the  tripod  after  the 
instrument  has  been  properly  set  up  and 
adjusted. 

The  water  level  (Fig.  832)  consists  of  2 
glass  tubes  fastened  upright  3 feet  or  more 
apart  to  a board  and  connected  by  a pipe  or 
piece  of  rubber  tubing.  The  whole  thing  is 
fastened  to  a staff  or  tripod  for  use.  Water 
is  poured  into  one  tube  until  it  can  be  readily 
seen  in  both.  Since  water  seeks  its  level, 
the  height  of  the  water  in  the  2 tubes  will 
give  2 points  in  a line  of  sight  for  leveling 
work.  If  a small  quantity  of  ink  is  added  to 
the  water,  the  line  of  sight  will  be  more  readily 
seen.  Corks  should  be  put  in  the  tubes  when 
the  instrument  is  being  moved  about  the  field. 


Fig.  332.  How  a home-made  water  level  is  con- 
structed. When  in  use  the  corks  are  of  course  removed 
from  the  tubes. 


Transit.  The  complete  transit  has  been 
called  the  universal  instrument  because  it  can 
be  used  for  so  many  purposes.  It  differs 
from  the  plain  transit  in  that  it  is  equipped 
with  a vertical  arc,  and  has  a bubble  tube 
attached  to  its  telescope.  It  is  adapted  to 
the  same  uses  as  the  compass  and  level,  and 
measures  horizontal  angles  with  great  ac- 
curacy; but,  in  addition,  it  can  be  used  in  de- 
termining vertical  angles  and  distances,  and  in 
numerous  other  ways  which  need  not  be  men- 
tioned here.  It  requires  a great  deal  of  prac- 
tice to  become  proficient  in  the  use  of  the 
transit.  It  is  not  an  instrument  a farmer 
would  be  justified  in  buying  unless  he  expected 
to  undertake  a great  deal  of  reclamation  work. 
In  most  cases  of  that  sort  the  services  of  a 
trained  engineer  would  be  needed. 


Systems  of  Land  Surveys 

The  two  systems  of  land  survey  in  the  United  States  are:  (1)  the  survey  by 
metes  and  bounds,  and  (2)  the  rectangular  system.  The  survey  by  metes  and , 
bounds  was  the  original  method  of  surveying  land  and  still  exists  in  that  part 
of  the  United  States  that  was  first  settled.  In  this  system  the  boundary  line  of 
each  tract  of  land  is  fully  described.  To  illustrate,  a certain  farm  is  described  as 
"comprising  all  land  that  is  included  within  boundary  line  beginning  at  bald  rock 
at  the  southwest  comer  of  the  farm  running  north,  45  degrees  east  80  chains  to 
the  twin!  elms  on  hill,  thence  due  east  60  chains  to  cedar  stump,  thence  due  south 
60  chains  to  concrete  block  on  road,  thence,  south,  45  degrees  west  80  chains  to 
cedar  stake  in  ground  4 feet  east  of  birch  tree,  thence  north,  45  degrees  west 
84  chains  to  starting  point,  containing  852  acres  more  or  less.” 

In  order  to  simplify  the  making  of  surveys,  to  reduce  the  litigation  of  land, 
and  to  make  locations  more  easily  designated,  Congress,  in  1785,  adopted  a sys- 
tem since  known  as  the  United  States  Kectangular  System  of  Public  Land  Sur- 
veys. The  fact  that  the  earth’s  surface  is  a sphere  made  it  difficult  to  lay  out 
its  surface  into  rectangular  areas.  However,  this  difficulty  was  successfully 
overcome.  The  system  has  as  a basis  the  true  meridians,  which  are  lines  radiat- 
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: from  the  north  pole,  and  standard  parallel  lines  running  east  and  west,  often 
led  correction  lines. 

In  each  land  district  a principal  meridian  is  chosen,  and  from  this  line  an  east 
and  west  line  is  run  called  the  base  line.  Their  intersection  is  the  initial  point  of 
the  survey.  The  townships  are  numbered  north  and  south  of  the  base  line  and 
the  ranges  east  and  west  of  the  meridian.  In  each  township  there  are  36  sections, 

each  1 mile  square,  containing  640 
acres  more  or  less.  Each  section  in 
the  township  is  numbered  beginning  in 
the  northeast  comer  going  west  then 
east  in  the  second  row,  etc.,  putting 
number  36  in  the  southeast  comer. 
Each  section  is  subdivided  into  halves, 
quarters,  quarter-quarters,  and  even 
smaller  units.  A 40-acre  farm  may 
then  be  designated  as  being  the  N E 
1 of  N W lof  Sec.  1,  T.  3 N.,  R.  2 E. 
of  some  particular  meridian.  An  im- 


BASELINE 

Fig.  333.  The  rectangular  survey  system  showing 
now  the  ranges  are  divided  into  townships,  these  into  36 
sections,  ana  these  again  into  quarters,  etc.  The  farm 
described  in  the  text  is  shown  by  the  shading  on  the 
right  hand  figure. 


irtant  feature  of  this 


of  surveys  is  that  all  comers  and  lines  estab- 


and  approved  by  the  government  are  unchangeable, 
k of  making  a survey  by  i 
if  a 


The  work  of  making  a survey  by  metes  and  bounds  or  the  reestablishment  of 
lines  should  be  put  in  the  hands  of  a competent  engineer.  It  is  to  the  farmer's 
interest  to  have  permanent  monuments  established  at  all  comers.  Many  costly 
lawsuits  are  the  results  of  temporary  monuments  being  placed  with  the  idea 
of  putting  in  permanent  ones  later.  All  monuments  described  in  the  sale  of  a 
piece  of  land  acquire  a perpetual  and  controlling  significance;  if  recognized  in 
a deed  their  position  controls  the  location  absolutely.  Lost  monuments  can  be 
reestablished  only  by  consent  of  parties  concerned  or  by  judgment  of  the  court. 
A surveyor  or  engineer  has  no  power  to  reestablish  a monument;  he  can  simply 
act  as  an  expert  witness. 

Practical  Problems  for  the  Farmer 


Using  chain  or  tape.  The  need  of  erect- 
ing a line  at  right  angles  or  perpendicular 
to  another  is  a common  everyday  problem 
often  met  with  in  laying  out  fences  and  build- 
ings. The  simplest  method  is  by  the  appli- 
cation of  a right-angle  triangle.  For  ordinary 
conditions,  use  6y  8,  and  10  feet  as  the  sides  of 
the  triangle.  Measure  8 feet  along  the  line 
from  the  point  A where  the  perpendicular  is 
to  be  erected  to  the  point  B.  With  6-  and  10- 
foot  chords,  strike  off  arcs  from  each  end  of 
the  8-foot  base  A and  B.  The  point  of  inter- 
section C will  give  the  perpendicular  as  the 
line  A C.  For  more  accurate  results  use  a 
larger  multiple  of  6,  8,  and  10  feet,  as  24, 
82,  and  40. 

Laying  out  the  foundation  of  a build- 
ing. Nearly  every  building  is  laid  out  with 
reference  to  some  other  building,  road,  or 
boundary  line.  If  it  is  to  be  erected  parallel 
to  a road,  it  is  necessary  to  establish  a line  on 
the  center  of  the  road  to  be  used  as  a refer- 
ence line*  If  there  is  an  old  fence  along  the 
roadside  it  would  probably  make  a very 
accurate  base  line.  Erect  a perpendicular 


> 


i/ 


B * 

Fig.  334.  How  to  lay  off  a 
right  angle  (see  text). 


to  the  base  line,  extending  it  to  the  location 
of  the  building.  In  case  of  a square  or  rec- 
tangular structure,  two  corners  are  fixed  on 
this  line  and  the  positions  of 
the  other  corners  determined 
by  erecting  perpendiculars  at 
the  first  two  corners.  Each  py 
corner  should  be  s' 

marked  on  a stake  _y 
with  a nail  driven 
exactly  at  the  inter- 
section of  the  lines. 

Six  or  8 feet  from 
the  corner  drive  3 large  stakes,  and  on  these 
nail  strong  braces.  Points  on  the  braces  are 
determined  where  the  lines  of  the  building, 
if  continued,  would  cross,  and  at  these  points 
notches  are  cut,  giving  an  easy  reference  in 
excavating. 

Laying  out  the  orchard.  There  are  two 
general  plans  for  laying  out  an  orchard: 
the  rectangular  and  the  alternate,  the  latter 
having  several  variations.  The  rectangular 
system  is  most  used;  in  it  each  tree  is  set  at 
the  corner  of  a rectangle,  usually  a square. 
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Fig.  335.  The  practical  application  of  Fig.  334  in 
building  a barn  foundation 


In  the  alternate  system  the  trees  in  the  even 
rows  are  placed  midway  or  “staggered" 
between  the  trees  in  the  odd  rows. 

To  locate  the  trees  in  the  rectangular 
system,  lay  out  a base  line  along  one  side  of 
the  field  at  the  proper  distance  from  the  fence, 
and  lay  out  other  lines  across  the  ends  of  the 
field  perpendicular  to  the  base  line.  Set 
stakes  along  these  lines  at  intervals  equal  to 
the  distance  between  the  trees.  To  locate 
other  trees,  set  a range  pole  on  the  opposite 
side  of  the  field  at  second  stake  on  opposite 
end.  Before  measuring  across  toward  this 
range  pole  set  a pole  at  the  third  stake  to 
measure  back  to  when  through  with  the 
second  row.  Before  measuring  the  third 
row  set  a stake  for  the  fourth,  and  so  on. 
By  having  a pole  at  each  end  of  the  field  the 
work  is  greatly  facilitated. 

A second  method  is  by  lining  the  trees  in. 
A line  of  stakes  properly  spaced  is  established 
along  each  side  of  the  field  forming  a perfect 
rectangle,  then  2 additional  rows  are  staked 
through  the  centre  of  the  field  at  right  angles 
to  each  other.  With  these  stakes  in  place, 
the  man  setting  out  trees  would  have  2 
stakes  in  each  direction  by  which  to  line  the 
trees  in.  The  alternate  system  may  be  laid 
out  in  the  same  way  as  the  rectangular. 

Surveying  the  farm  layout  As  already 
mentioned,  the  present  system  of  farm  man- 
agement necessitates  a dose  study  of  the  farm 
layout.  The  farm  that  is  divided  up  into  a 
great  number  of  small  fields  cannot  be  farmed 
at  a profit.  The  whole  farm  should  be  sur- 
veyed and  mapped  and  plans  developed  for  a 
future  ideal  arrangement.  To  make  such  a 
survey  with  a tape,  if  the  fields  are  irregular 
in  shape,  it  is  necessary  to  divide  them  into 
rectangles  and  triangles  so  the  areas  may  be 
easily  obtained.  The  notes  taken  in  the 
field  should  be  complete  in  every  detail. 
Sketches  should  be  made  with  corners  lettered, 
all  distances  tabulated,  and  all  important 
points  described  in  a well-bound  field  book. 
It  is  impossible  to  make  an  accurate  map  with 
a poor  set  of  notes  and  sketches  made  in  the 
field.  In  making  such  a survey  no  angles 
are  measured,  so  all  lines  should  be  checked 


for  accuracy.  Extreme  care  must  be  ob- 
served in  measuring  over  hills.  To  chain 
over  a hill  between  2 points  not  visible  from 
each  other,  set  a range  pole  at  each  point, 
then  let  the  chainmen  with  range  poles  take 
positions  on  each  side  of  the  hill  from  which 
each  can  see  over  the  hill  and  past  the  other 
chainman  to  the  range  pole  beyond.  They 
should  then  range  each  other  in  until  they 
are  on  line.  In  measuring  either  up  or  down 
a slope  the  lower  chainman  should  use  a 

Elumb  line  so  the  chain  can  always  be  kept 
orizontal.  The  chain  is  pulled  taut  in 
a horizontal T position  and  the  plumb  line 
dropped  to  locate  the  correct  position  for 
the  pin. 

In  chaining  between  two  points  where  the 
view  is  obstructed  by  woods  or  other  objects, 
run  a trial  line  as  near  as  possible  toward  the 


given  point,  leaving  fixed  points  at  known 
distances.  Upon  finding  the  error  at  the  end 
of  the  line,  correct  all  other  points  into  line  a 
proportionate  amount.  For  example,  if  the 
random  line  is  1,000  feet  in  length  and  the 
error  at  the  end  of  the  line  is  20  feet,  then  the 
error  at  the  100-foot  point  would  be  2 feet, 
at  the  500-foot  point  10  feet,  at  the  750-foot 
point  15  feet,  and  so  on.  After  points  have 
been  measured  in  from  the  random  line, 
the  desired  line  can  be  measured  by  these 
points. 

To  measure  a line  beyond  a house  or  other 
obstacle  there  are  several  methods.  Prob- 
ably the  simplest  is  to  erect  a perpendicular 
to  the  line  by  the  triangle  method,  extend 
it  out  beyond  the  obstruction,  erect  another 
perpendicular  to  this  line,  and  carry  it  until 
the  obstruction  is  passed,  then  by  means  of 
two  more  right  angles  the  original  line  can  be 
continued. 

Mapping  out  the  farm.  To  make  a neat, 
accurate  map,  a set  of  drawing  instruments 
should  be  available.  However,  a usable  map 
may  be  made  with  pencil,  rule,  straight-edge, 
and  triangle.  The  first  step  in  map-makmg 
is  to  select  a suitable  scale;  100  or  200  feet 
to  the  inch  is  usually  convenient.  If  a 66- 
foot  chain  has  been  used  in  measuring,  either 
2 or  4 chains  to  the  inch  would  be  better. 
If  the  farm  is  of  regular  dimensions,  lay  out 
the  boundary  line  first,  then  fill  in  details. 
Always  remember  that  any  point  can  be 
located  by  measuring  from  two  known  points. 
In  the  case  of  a field  that  is  irregular  in  shape, 
one  side  can  be  mapped  as  a base  line  and 
other  points  located  from  it.  A compass  is  a 
convenient  instrument  for  doing  this.  The 
diagonals  of  all  fields  should  be  measured  so 
they  can  be  used  in  checking  the  corners  on 
the  map.  All  objects,  such  as  drains,  ditches, 
fences,  and  outbuildings  should  be  suitably 
designated,  and  each  field  should  be  num- 
bered and  number  of  acres  in  it  given  on 
the  map. 

Computing  the  area  of  fields.  To  determine 
the  area  ofaifferent  shaped  fields,  it  is  neces- 
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Fig.  336.  Typical  map  of  a farm,  giving  the  most  necessary  facta  and  providing  a good 
place  on  which  to  note  plans,  changes,  cropping  systems,  etc. 


Fig.  337 


sary  to  be  familiar  with  the  use  of  a few 
simple  mathematical  formula.  (See  also’ 
Volume  IV,  Chap- 

10  £0D5  ter  18, D). 

Rectangles.  The 
area  of  a rectangu- 
lar field  is  obtained 
by  multiplying  the 
length  times  the 
breadth  (Fig.  337) 
Triangles.  There  are  several  methods  of 
determining  the  area  of  a triangle:  (1>  If  the 
length  of  one  side,  the 
base  of  the  triangle, 
and  the  perpendicular 
distance  from  this  side 
to  the  opposite  angle, 
or  height  of  the  tri- 
angle are  known,  the 


, 9 ROBS 

area  is  equal  to  one  (5x9)+ 2«‘ 
half  the  product  of  the 
base  times  the  height 
(Fig.  338).  (2)  If  the 
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Fig.  338 
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Fig.  339 


three  sides  of  a trian- 
gle have  been  meas- 
ured, add  the  length 
of  the  three  sides  and 
divide  the  same  by  2; 
from  this  result  sub- 
tract each  side  in 
turn;  multiply  these 
three  remainders  and 
the  half  sum  together; 
the  square  roo,t  of 
the  product  equals  the 
area  of  the  triangle 
(Fig.  339) 


, Parallelogram.  The 
gram,  a 4-sided  figure 

12  RODS 


4X12-48 

sq.  rods 
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Fig.  340 


area  of  a parallelo- 
with  opposite  sides 
parallel,  is  equal  to 
the  product  of  one 
of  its  parallel  sides 
and  the  perpen- 
dicular distance  be- 
tween it  and  the  op- 
posite sideCFig.340). 


Trapezoid.  The  area  of  a trapezoid,  a 4- 
sided  figure  with  two  sides  parallel,  is  equal 
to  the  product  of 


one  half  the  sum  of 
the  two  parallel  sides 
times  the  perpen- 
dicular distance  be- 
tween them  (Fig.  341). 

Nearly  all  fields 
can  be  divided  into 
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Problems  in  Using  a Level 

To  determine  the  difference  in  elevation 
between  two  points.  The  simplest  problem  of 
this  kind  is  when  a reading  can  be  taken  on  each 
point  when  the  instrument  is  about  midway 
between  them.  Assume  that  the  rod  reading  on 
the  first  point  is  10  feet,  and  on  the  second  point 
6 feet.  These  signify  that  the  first  point  is  10 
feet  below  the  line  of  sight  and  the  second  point 
6 feet  below  the  line  of  sight.  Hence,  the  dif- 
erence  in  elevation  between  the  two  points  is 
the  difference  between  the  two  rod  readings,  or 
6 feet.  To  determine  the  difference  in  elevation 
between  two  points  at  some  distance  apart 
the  following  method  is  followed:  Set  up 
the  level  and  adjust  it  as  previously  outlined 
(p.  225)  at  a convenient  distance  for  reading 
on  the  first  point  and  in  the  direction  of  the 
second.  As  a matter  of  convenience  assume 
the  elevation  of  the  starting  point  to  be  1QQ 
feet,  which  we  call  bench  mark  (B  M)  1.  The 
first  reading  will  be  to  determine  tne  height 
of  the  instrument^  all  readings  on  the  known 
or  assumed  elevation  are  for  this  purpose  and 
are  called  back-sight  (B  S).  The  back-sight 
reading  on  B M 1 added  to  the  elevation  of 
BM1  equals  the  height  of  the  instrument. 
With  the  height  of  the  instrument  known, 
the  elevation  of  a reference  point,  called  a 
turning  point,  can  be  established  nearer  the 
point  of  unknown  elevations  by  taking  a fore- 
sight reading;  a reading  taken  on  a point  of 
unknown  elevation  is  always  called  a fore- 
sight (F  S).  Establish  the  turning  point  by 
driving  in  a stake  so  that  the  fore-sight  dis- 
tance will  be  approximately  the  same  as  the 
back-sight  distance.  The  fore-sight  reading 
subtracted  from  the  height  of  the  instrument 
equals  the  elevation  of  the  turning  point. 
The  level  is  then  moved  to  the  second  set 
up  and  a B S taken  on  the  turning  point  to 
determine  the  new  height  of  instrument.  A 
fore-sight  then  establishes  a new  turning 
point  and  the  process  is  continued  to  the  end 
of  the  line.  The  difference  in  elevation  be- 
tween the  points  as  found  may  be  checked 
by  the  difference  between  the  sum  of  the  fore- 
and  back-sights. 

Profile  leveling.  In  establishing  the  grade 
for  a tile  drain  on  a road,  it  is  not  only  nec- 
essary to  know  the  elevations  of  the  lowest 
and  highest  points  but  also  those  of  all  inter- 
mediate points.  The  process  of  determining 
the  elevation  of  these  points  is  called  profile 
leveling.  The  actual  procedure  is  the  same 
as  in  determining  the  difference  in  elevation 
between  any  two  points  except  that  a number 
of  fore-sights  are  taken  from  each  set-up  of 
the  instrument.  Where  leveling  work  of  this 
character  is  done,  it  should  be  based  on  some 
point  of  permanent  elevation,  such  as  a con- 
crete walk,  a concrete  floor,  or  a large  stone. 
The  elevation  of  this  point  is  assumed  and  is 
used  as  a bench  mark  (B  M)  to  determine  the 
height  of  the  instrument  at  the  first  set-up. 


It  can  also  be  used  in  checking  at  any  future 
time.  If  such  a point  is  not  available  a solid 
stake  should  be  driven  into  the  ground  to  be 
used  as  a reference  point. 

To  run  a line  of  levels  for  a tile  drain,  set  the 
instrument  up  at  a point  where  a reading  can 
be  taken  on  the  bench  mark  and  the  outlet 
of  the  drain  as  well  as  400  or  500  feet  along 
the  drain.  A back-sight  is  taken  on  the  bench 
mark  and  the  height  of  the  instrument  is 
established.  A fore-sight  is  then  read  on  a 
point  at  outlet  of  drain  and  at  intervals  of 
50  feet  up  the  drain.  When  as  many  read- 
ings have  been  taken  for  the  first  set-up  as  is 
convenient,  a turning  point  is  established,  a 
new  set-up  is  made  and  the  work  is  continued. 
All  points  where  readings  are  taken  are  num- 
bered as  follows:  Station  0,  Station  0 + 50, 
Station  1 + 00,  Station  1 + 50  and  so  on; 
Station  2 + 93  would  thus  be  293  feet  above 
the  outlet.  The  readings  are  not  only  taken 
at  regular  intervals  but  at  other  points  where 
there  is  a decided  break  in  the  surface  of  the 
pound,  where  there  is  a change  of  direction 
in  the  line  of  tile  or  where  a lateral  tile  enters. 
At  each  of  these  stations  a short  stake  should 
be  driven  nearly  flush  with  the  surface  of  the 
ground;  also,  alongside  it,  a long  stake  for  a 
marker  or  guide  on  which  the  station  number 
and  depth  of  cut  is  written.  The  short  stakes 
can  be  made  of  most  any  pieces  of  solid  wood 
and  the  long  stakes  of  plaster  lath  or  similar 
boards. 


Establishing  the  grade.  There  are 
many  drains  with  a decided  slope  where  the 
grades  can  be  easily  established  with  a line 
and  gauge  rod  without  an  instrument.  This 
method  can  nearly  always  be  used  in  the 
drainage  of  seepy  spots  on  hillsides.  Begin 
by  driving  a 4-foot  stake  at  each  station. 
Then,  starting  at  the  outlet,  fasten  a line  a 
definite  distance  above  the  proposed  bottom 
of  the  ditch;  if  a 6+foot  gauge  rod  is  to  be 
used  and  the  ditch  is  to  be  4 feet  deep  at  the 
outlet,  then  measure  up  2}  feet  from  the  top 
of  the  grade  to  locate  the  line  on  the  long 
stake.  Draw  the  line  up  to  each  of  the  other 
stakes,  being  sure  always  that  there  is  ample 
fall  toward  the  outlet.  To  determine  the 
depth  to  dig  at  any  point,  it  is  only  necessary 
to  measure  from  the  line  down  to  the  surface 
of  the  ground  and  subtract  this  distance  from 
6}  feet.  If  there  is  a uniform  fall  along  the 
line  of  the  drain,  the  depth  can  be  kept  prac- 


Fio.  343.  Diagram  showing  the  process  of  profile 
leveling.  El  is  elevation;  H.  I.  is  height  of  instrument; 
and  the  figures  give  the  readings  of  both  back-  and  fore- 
tights.  (See  text  and  Fig.  344). 
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To  compute  the  amount  of  excavation  in 
digging  a ditch  for  drainage  or  the  amount 
of  excavation  or  filling  necessary  in  road  work, 
a grade  line  must  be  established.  To  estab- 
lish a grade  for  a tile  drain,  the  elevation  of 
the  highest  and  lowest  points  must  be  con- 
sidered. The  tile  must  not  be  too  deep  nor 
too  shallow.  Where  the  land  is  uniform  the 
elevation  of  the  outlet  and  the  highest  point 
will  usually  control  the  grade.  The  best 
method  to  follow  is  to  select  trial  grade  lines 
along  the  line  of  drain  until  the  grade  and 
depths  at  the  various  controlling  points  are 
satisfactory.  This  is  done  by  assuming  the 
grade  line  to  be  a certain  depth  below  the 
grade  stake  at  the  outlet  and  a certain  depth 
below  at  some  other  controlling  point,  say 
Station  5.  It  is  found  that  the  elevation  of 


at  that  point  is  assumed  to  be  4}  feet;  the 
elevation  on  the  grade  line  would  then  be 
90}  feet.  The  elevation  of  the  grade  stake  at 
Station  6 is  96}  feet  assuming  the  depth  of  drain 
to  be  3}  feet;  the  elevation  in  grade  line  would 
be  93  feet  or  2)  feet  higher  than  at  Station  O.  A 
rise  of  2)  feet  m 600  would  be  equal  to  a rise  of  6 
inches  m 100  or  3 inches  every  fifty  feet. 
When  the  elevations  of  the  intermediate  points 
have  been  determined  the  cuts  can  be  com- 
puted as  follows:  Add  the  rise  in  60  feet  to 
the  elevation  of  the  grade  line  at  Station 
O to  determine  the  elevation  of  grade  line  at 
Station  0 + 50.  The  elevation  of  all  other 
points  on  the  grade  line  may  be  found  in  the 
same  manner.  The  difference  between  the 
grade-line  elevation  and  the  surface  elevation 
at  any  station  is  equal  to  the  cut  at  that 


Station  O,  the  outlet,  is  96  feet  and  the  depth  , station. 
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Fig.  344.  Notebook  page  showing  how  to  keep  a record  of  a job  of  leveling  as  pictured  in  Fig.  343 
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CHAPTER  22 

ijt 

Practical  Farm  Drainage 

By  Professor  E.  W.  Lehmann  of  the  Agricultural 
Engineering  Department  of  the  University  of  Missouri , 
whose  experience  in  this  field  has  been  referred  to  in 
Chapter  21.  Drainage  is  not  like  plowing  and  culti- 
vating, a work  that  every  farmer  must  make  an  almost 
daily  feature  of  his  activities.  But  it  is  one  that  a 
great  number  of  farmers  have  found  profitable  and  one 
that  a great  many  more  would  do  well  to  study  and  undertake.  Its  relations  to  soil  quality  and 
condition  have  been  discussed  in  Volume  II,  Chapter  8.  In  these  pages  Professor  Lehmann 
takes  up  the  actual  details  of  planning  and  carrying  out  a drainage  project,  large  or  small. — Editor. 

PERFECT  underdrainage  has  been  one  of  the  chief  factors  in  making  the 
land  of  the  Middle  West  the  highest-priced  general  farm  land  in  the  United 
States.  While  it  is  the  fertility  of  the  soil  that  produces  the  big  crops,  it  is  the 
indirect  results  of  drainage  which  makes  the  production  possible.  This  is  true 
not  only  in  the  Middle  West,  but  in  every  other  part  of  the  United  States  where 
complete  drainage  is  practised.  Good  drainage  is  one  of  the  first  essentials  of 
maintaining  a soil  for  permanent  agriculture.  If  drainage  is  lacking,  the  greatest 
benefit  derived  from  growing  legumes,  from  applying  manure,  and  from  thorough 
tillage  will  not  be  realized.  In  a pfoorly  drained  soil  nitrogen-firing  bacteria  do 
not  thrive,  very  little  of  the  total  fertility  is  made  available  for  plant  growth,  and 
thorough  tillage  is  impossible.  As  far  as  the  physical  condition  of  the  soil  is 
concerned,  the  three  essentials  of  crop  production  are  a soil  of  the  right  tem- 
perature, right  condition  of  moisture,  and  sufficient  ventilation.  All  of  these  are 
affected  by  underdrainage. 

Benefits  of  drainage.  Drainage  makes  the  soil  firm,  so  that  the  entire  field 
can  be  cultivated.  The  areas  of  waste  land  so  noticeable  in  poorly  drained  fields 
are  replaced  by  growing  crops.  It  makes  possible  early  cultivation  in  the  spring 
as  well  as  early  cultivation  after  rains.  It  warms  the  soil  by  removing  the  cold 
ground  water,  by  eliminating  a great  deal  of  surface  evaporation,  and  by  making 
possible  the  entrance  and  downward  movement  of  warm  rains.  It  allows  better 
aeration  of  the  soil,  which  increases  the  decomposition  of  organic  matter  thereby 
making  more  plant  food  available.  It  makes  possible  a deeper  root  development 


Fig.  345.  Drainage  stimulates  deep  root  development.  Roots  held  back  by  thigh  water  in  spring  cannot 
reach  the  supply  in  summer  (a).  When  a drain  keeps  the  water  table  at  one  place,  the  roots  reach  down  to  it  and 
never  want  for  moisture  (ft). 
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in  plants  by  lowering  the  water  table  or  line  of  saturation.  Plants  with  a deep 
root  development  are  better  able  to  resist  the  effect  of  a drought. 

Drainage  increases  the  storage  capacity  of  the  soils,  allowing  the  rains  to  soak 
in  instead  of  washing  over  the  surface.  Thorough  drainage  prevents  heaving 
due  to  frost.  Less  winter  wheat  is  killed  on  well-drained  land  than  on  poorly 
drained.  It  improves  the  sanitary  conditions  of  the  surroundings  and,  lastly,  it 
increases  crop  production  enough  to  pay  for  the  installation  in  one  or 
two  years. 

Land  needing  drainage.  There  are  a great  many  conditions  that  make  drain- 
age necessary.  The  most  common  are:  Where  low  lands  are  flooded  with  water 
from  higher  surrounding  land;  where  there  are  seepy  or  spouty  spots  on  hillsides, 
due  to  a tight  sticky  soil  underneath  the  surface;  where  nearly  level  fields  or 
rolling  tracts  of  upland  do  not  have  adequate  natural  surface  or  underdrainage; 
where  there  are  marshes  and  swamps,  and  in  irrigated  sections  where  there  are 
swamps  and  sloughs  due  to  over-irrigation.  Besides  the  70  or  80  million  acres 
of  swamp  and  overflowed  land  that  need  to  be  reclaimed  by  drainage,  it  has  been 
estimated  that  there  are  between  100  and  150  million  acres  now  classed  as  culti- 
vated land  that  could  be  tile-drained  with  profit.  There  are  few  farms  that  have 
perfect  drainage.  A heavy  subsoil  or  other  natural  conditions  may  interfere  with 
the  natural  tendency  of  the  free  soil  water  to  pass  downward  by  gravity.  The 
result  is  a wet  slough  or  seepy  spot  filled  with  marsh  grass.  Proper  drainage  is 
needed  to  make  such  land  productive. 


Kinds  of  drains.  Farm  drains  are  usually 
classed  as  open  ditch  or  tile  or  a combination 
of  the  two.  The  vertical  drain  is  another 
type  which  has  been  quite  satisfactory  in  cer- 
tain sections. 

Surface  Drainage 

Open  ditches.  There  are  two  kinds  of 
ditches  used  in  drainage  work,  the  surface 
relief  ditch  and  the  outlet  ditch.  The  surface 
relief  ditch  is  a wide,  shallow  ditch  used  in 
connection  with  a tile  on  nearly  level  bottom 
land  that  receives  the  surface  run-off  from  a 
large  area  of  hill  land.  It  removes  a part 
of  the  heavy  rains  that  occur  occasionally 
and  which  would  otherwise  cause  injury. 
A relief  ditch  should  be  so  broad  and  shallow 
that  it  will  not  be  a hindrance  in  cultivating 
the  field  and  not  have  a tendency  to  form  a 
gully  by  washing.  It  usually  follows  the  line 
of  natural  drainage,  and  may  be  made  directly 
over  the  main  tile  or  to  one  side  of  it.  When 
made  directly  over  the  main  tile  there  is  some 
danger  of  washing  due  to  the  soft  earth  above 
the  tile.  Where  the  surface  water  from  a 
large  field  is  drawn  into  the  relief  drain  by 


Fig.  346.  Surface  relief  ditch  combined  with  under 
drain.  (This  and  Fig.  347,  Wis.  Bulletin  229.) 


dead  furrows  or  terraces  it  should  be  well 
sodded.  Nearly  all  tile  systems  should  be 
provided  with  relief  ditches  in  connection 
with  the  mains. 

Hillside  ditch.  The  hillside  ditch  is  a type 
of  surface  ditch  used  in  preventing  the  flow 
of  water  from  hills  directly  upon  bottom  land. 


Fig.  347.  Cross  section  of  drainage  ditch  giving 
names  and  dimensions  of  parts.  The  right  bank  would 
be  better  if  sloped  as  shown  by  dotted  lines. 


It  is  carried  around  the  slope  on  a slight  grade, 
thereby  breaking  the  flow  of  water  and  reduc- 
ing sou  washing.  This  type  of  ditch  is  built 
by  plowing  several  furrows  down  hill  making 
it  of  sufficient  depth  to  carry  the  surface 
water. 

Terraces.  The  terrace  is  an  outgrowth  of 
the  hillside  ditch  and  is  devised  as  a means  of 
draining  the  water  from  hills  in  a satisfactory 
way  and  at  the  same  time  preventing  soil 
washing,  which  is  a big  problem  in  hillside 
drainage.  The  Mangum  terrace  is  about 
the  best  type.  It  is  laid  out  with  a very 
slight  slope,  usually  about  6 inches  fall  per 
100  feet.  They  are  spaced  on  the  slope  so 
that  the  vertical  distance  between  them  is 
not  more  than  6 or  7 feet.  As  an  outlet  for  a 
terrace,  a well  sodded  surface  relief  ditch 
may  be  used  if  it  is  not  convenient  to  dis- 
charge the  water  into  a sink  hole  or  wooded 
strip  of  land.  A convenient  method  of 
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Fig.  347a.  A large  outlet  ditch  such  as  tliis  is  often  a 
necessary  evil.  But  it  should  be  kept  outside  the  culti- 
vated area. 


bu  lding  a terrace  is  to  back  furrow  and  drag 
the  dirt  toward  the  centre  with  a drag 
or  grader.  The  terrace  when  finished  should 
be  16  to  20  feet  wide  with  the  crown 
about  12  to  16  inches  higher  than  the  drain 
above. 

Outlet  ditches.  An  outlet  ditch  is  often  a 
necessary  evil  in  draining  swamps,  bayous, 
lakes,  and  in  straightening  winding  sluggish 
streams.  While  a ditch  hinders  cultivation 
and  requires  a great  deal  of  maintenance 
it  is  the  only  satisfactory  means  of  removing 
the  water  from  large  areas.  In  some  sections 
relatively  small  outlet  ditches  used  in  draining 
a few  thousand  acres  are  being  replaced  by 
large  tile  drain.  In  localities  where  the  value 
of  the  land  does  not  justify  an  expensive 
system  of  drainage,  open  ditches  are  essential 


and  very  effective  in  soils  of  an  open  character. 
The  nature  of  the  soil  allows  the  water  to 
pass  downward  through  it,  thence  laterally 
into  the  ditch.  The  soil  becomes  saturated 
before  there  is  much  flow  into  the  ditch.  In 
heavy  clay  soils  open  ditches  afford  very  poor 
drainage.  The  soil  absorbs  the  water  very 
slowly  and  the  greater  part  of  it  flows  directly 
into  the  ditch,  carrying  a great  deal  of  soil 
particles  with  it.  The  result  is  the  water 
is  not  given  an  opportunity  to  replenish  the 
moisture  in  the  soil  which  is  needed  when 
rainfall  is  deficient. 

Design  of  an  outlet  ditch.  An  outlet  ditch 
must  have  sufficient  capacity  to  cany  the 
surface  water  in  time  of  heavy  rains.  It 
should  be  deep  enough  to  be  an  adequate 
outlet  for  tile  mains  when  there  is  normal 
flow  in  the  ditch.  It  must  not  be  too  deep 
in  proportion  to  its  width.  A depth  of  6 
to  10  feet  is  desirable.  This  will  be  governed 
by  the  topography  and  type  of  soil.  A ditch 
cannot  be  made  as  deep  in  a soil  that  caves 
easily  as  one  that  does  not.  The  necessary 
capacity  of  a ditch  determines  its  width. 
In  no  case  should  the  width  be  less  than  twice 
the  depth  of  the  ditch.  The  actual  dimen- 
sions have  to  be  determined  for  each  individual 
problem.  If  a very  large  area  is  to  be  drained 
the  services  of  an  engineer  should  be  secured. 
Quite  often  a local  man  who  has  studied  and 
made  note  of  the  conditions  of  flow  in  the 
natural  drainage  lines  during  high  water  is  a 
good  judge  as  to  the  necessary  size  of  outlet 
ditch. 


TABLE  I.— NUMBER  OF  ACRES  DRAINED  BY  OPEN  DITCHES 

DEPTH'OF  WATER  6 FEET.  DEPTH  OF  DITCH  AT  LEAST  6J  FEET 


GRADE 

AVERAGE  WIDTH  OF  WATER 

Per 

Cent 

Feet  Per 
Mile 

6 Feet 

8 Feet 

10  Feet 

15  Feet 

20  Feet 

30  Feet 

50  Feet 

0.02 

1.0 

980 

1,900 

7,150 

23,800 

wm 

2.1 

1,390 

2,800 

20,400 

33,500 

119 

3.2 

1,710 

pfPijl 

5,100 

24,700 

40,800 

76,500 

4.2 

1,980 

6,100 

30,000 

48,800 

88,000 

5.3 

2,220 

5,010 

7,600 

83,400 

54,500 

98,000 

0.16 

7.8 

2,720 

6,300 

17,100 

28,700 

40,500 

66,700 

120,000 

' 0.20 

10.6 

4,820 

7,300 

19,500 

33,000 

47,000 

77,000 

139,000 

0.25 

13.2 

5,370 

16,300 

21,900 

37,500 

63,000 

86,000 

156,000 

0.30 

15.8 

5,900 

17,900 

23,900 

40,700 

57,000 

94,000 

170,000 

0.40 

21.1 

6,830 

20,600 

27,700 

47,000 

67,000 

0.60 

26.4 

7,600 

23,000 

31,000 

' 0.60 

31.7 

25,200 

33,900 

0.70 

37.0 

S ‘ 1 £19 

27,300 

0.80 

42.2 

* jlml 

0.90 

47.5 

1SI 
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TABLE  IL— NUMBER  OP  ACRES  DRAINED  BY  OPEN  DITCHES 

DEPTH  OP  WATER  7 FEET.  DEPTH  OP  DITCH  AT  LEAST  9 FEET 


GRADE 

AVERAGE  WIDTH  OP  WATER 

Per  Cent 

Feet  per 
Mile 

8 Feet 

10  Feet 

15  Feet 

20  Feet 

30  Feet 

50  Feet 

0.02 

2,300 

16,600 

28,000 

48,000 

0.04 

2.1 

4,850 

6,740 

23,400 

35,400 

68,000 

0.06 

3.2 

29,600 

43,400 

72,000 

0.08 

4.2 

19,100 

34,200 

50,000 

83,000 

iB  SYf  i?M 

0.10 

5.3 

[jfl 

21,800 

38,400 

66,000 

Ik  ijfiiilfli 

0.16 

7.8 

19,400 

47,200 

68,500 

I 

. B 

0.20 

22,400 

31,300 

64,200 

78,700 

235,000 

0.25 

13.2 

25,000 

34,800 

60,500 

88.000 

0.30 

15.8 

27,400 

38,200 

66,200 

96,500 

0.40 

21.1 

31,700 

44,100 

0.60 

26.4 

35,400 

There  are  a number  of  formulas  developed 
by  the  use  of  which,  when  the  controlling 
factors  are  considered,  the  area  which  a ditch 
will  drain  can  be  computed.  The  accompany- 
ing tables  were  computed  by  means  of  Kutter's 
formula  for  average  drainage  conditions  and 
are  a help  in  determining  the  proper  size  of 
ditch  to  drain  a certain  area.  For  relatively 
small  areas,  a ditch  should  have  a greater 
capacity  than  a large  area,  due  to  the  fact 
that  the  water  reaches  the  ditch  more  quickly, 
and  less  water  has  a chance  to  soak  into  the 
soil  or  evaporate.  For  this  reason,  for  the 
areas  above  the  heavy  lines  in  l table  the 
ditches  are  large  enough  to  carry  off  three 
fourths  inch  of  water  m 24  hours;  for  the 
areas  between  the  heavy  lines,  the  ditch  will 
remove  half  an  inch  in  24  hours;  and  for 
the  areas  below  the  heavy  lines,  the  ditch 
will  remove  one  fourth  inch  in  24  hours. 

To  prevent  caving,  the  sides  of  a ditch 
should  be  sloping.  Under  average  condi- 
tions a 1 to  1 slope  is  sufficient.  The  areas 
in  table  above  are  computed  for  ditches 
with  this  slope.  If  the  soil  caves  very  badly 
a greater  slope  would  be  necessary,  while  in  a 
stiff  clay  soil  the  banks  may  be  left  steeper. 

Location  and  construction  of  outlet  ditches. 
All  outlet  ditches  should  follow  the  lines  of 
natural  drainage  as  near  as  possible.  The 
ditch  should  be  staked  out  and  grade  estab- 
lished as  outlined  in  Chapter  21,  page  230. 
Nearly  all  outlet  ditches  at  the  present  time 
are  constructed  by  means  of  some  kind  of 
ditching  machinery  of  which  there  are  a great 
many  types,  designed  to  be  used  under  nearly 
every  condition.  The  cost  of  excavation  by 
machinery  is  much  less  than  by  hand  method. 
In  some  places  ditches  have  been  blasted 
very  economically  by  means  of  dynamite. 
At  the  Montana  Experiment  Station,  ditches 
were  blasted  at  much  less  expense  than  they 
could  have  been  dug  by  hand.  In  blasting,  2 


sticks  of  60-per  cent  dynamite  were  placed  in 
holes  22  inches  apart.  The  holes  were  made 
2 feet  deep  by  driving  in  2-inch  steel  bars.  Due 
to  the  soil  caving,  1-inch  galvanized  pipe  was 
used  f or  loading  the  holes.  The  dynamite  was 
put  in  through  the  pipe  which  was  removed. 
The  holes  were  filled  with  water  over  the 
charge,  necessitating  no  other  tamping. 
About  25  holes  were  fired  at  a shot,  using  the 
middle  hole  as  a primer.  Into  one  of  the 
sticks  of  dynamite  in  the  priming  hole  was 
inserted  a blasting  cap  attached  to  a fuse,  all 
parts  being  waterproofed.  On  the  explosion 
of  the  priming  charge,  all  other  charges  are 
exploded  by  concussion.  After  the  blast 
the  ditch  is  straightened  up  by  hand. 

• There  are  many  small  open  ditches  con- 
structed by  plow  and  scraper.  Such  ditches 
are  usually  so  small  that  they  are  not  very 
satisfactory  as  outlets. 

Maintenance  of  open  ditches.  The  effi- 
ciency of  eveiy  tile  drain  depends  upon  the 
condition  of  its  outlet.  There  are  a great 
many  outlet  ditches  that  are  neglected,  and  a 
few  years  after  they  have  been  built,  they  are 
filled  with  mud  to  such  an  extent  as  to  be 
practically  worthless.  The  waste  banks  be- 
come rough  and  irregular,  straw  and  corn- 
stalks collect  in  the  bottom  of  the  ditch  and 
are  covered  with  silt  and  clay  which  gradually 
fills  the  channels.  All  ditches  should  be 
regularly  inspected  each  year.  All  obstruc- 
tions, such  as  trash  and  drift  wood,  should 
be  removed.  Bushes  and  weeds  which  would 
hinder  the  flow  of  water  should  be  cut  out. 
The  deposit  of  silt  along  the  sides  and  bot- 
tom of  a new  ditch  furnish  an  ideal  seedbed 
for  the  growth  of  weeds  and  willowB,  and  if 
not  removed  immediately  they  form  a lodg- 
ing place  for  silt  for  future  years.  The 
method  to  pursue  in  cleaning  out  ditches  de- 
pends on  local  conditions.  Where  ditches 
are  spanned  by  bridges  the  equipment  possi- 
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ble  to  use  is  often  limited.  In  small  ditches 
that  practically  dry  up  in  the  summer  the 
team  and  scraper  method  may  be  used.  In 
some  cases  in  larger  ditches  silt  banks  and 
drift  may  be  dynamited  and  the  material 
carried  away  by  the  stream.  A method 
that  has  been  successfully  used  for  breaking  up 
the  silt  in  ditches  that  contain  8 or  10  inches 
of  water  is  to  have  a small  flat-boat  on  which 
is  installed  a force  pump  driven  by  a gasoline 
engine.  The  inlet  pipe  to  pump  should 
be  equipped  with  a strainer.  The  discharge 
pipe  should  be  slightly  smaller  than  inlet  pipe 
and  equipped  with  suitable  fire  nozzle  that  will 
deliver  sufficient  stream  of  water  to  break  up 
the  silt  beds.  Another  method  is  to  use  a 
centrifugal  pump  and  pump  the  silt  over  the 
water  bank.  Such  a pump  will  remove  25 
to  40  per  cent  solids  with  the  water. 

Underdrainage 

Tile  drainage.  An  ideal  system  of  drainage 
is  one  that  is  adequate,  permanent,  not  a 
hindrance  to  cultivation,  and  uses  the  least 
possible  land.  A tile-drainage  system,  if  prop- 
erly designed,  meets  the  requirements  of  an 
ideal  system. 

History.  The  pioneers  in  underdrainage 
used  various  methods  to  provide  a channel 
for  the  water  to  discharge  as  it  seeped  through 
the  soil.  Ditches  were  dug  and  brush  and 
twigs  from  trees  r were  piled  into  them 
and  then  covered  with  earth.  An  improve- 
ment over  this  method  was  three  straight 
poles,  one  resting  on  the  other  two  at  the 
bottom  of  the  ditch.  Some  of  these  drains 
worked  for  a great  many  years.  Flat  stones 
were  used,  a row  upright  on  edge  along  each 
side  of  the  ditch  with  a flat  stone  on  top. 
Many  drains  of  this  type  are  still  giving  good 
service.  The  first  tile  drains  used  in  the 
United  States  were  installed  by  John  John- 
ston, a Scotchman,  of  Geneva,  New  York, 


Fig.  348.  Types  of  drain,  old  and  new:  1-4,  stone 
drains;  5,  pole  drain; 6 and  7 board  drains  admitting  water 
at  bottom  edge;  8,  horseshoe  tile  on  board;  9-13,  tile  of 
various  shapes;  14.  Y- junction;  15  elbow.  (Cornell  Read- 
ing Course). 
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of  the  surface  area  drained  (see  text) 
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in  1835.  The  crude,  hand-made  tile  used 
were  shipped  from  England.  A machine 
for  making  better  tile  was  soon  introduced, 
which  greatly  stimulated  the  installation  of 
this  type  of  drain. 

Principles  of  tile  drainage.  There  are  cer- 
tain essential  principles  to  be  kept  in  mind 
m considering  a tile  drainage  problem.  The 
main  hne  which  acts  as  an  outlet  for  the  lat- 
erals should  follow  the  line  of  natural  drainage 
as  near  as  possible.  All  drains  should  be  laid 
as  straight  as  possible  and  in  the  direction  of 
the  greatest  slope,  an  exception  being  where 
fale  are  used  to  intercept  seepage  water. 
Avoid  abrupt  turns  and  short  laterals. 

Spacing  and  depth  of  tile.  The  distance 
which  the  laterals  are  spaced  apart  will  de- 
pend on  a number  of  facts,  chief  of  which  are 
the  type  of  soil  and  the  depth  of  lateral. 
The  depth  is  also  determined  by  the  type  of 
soil.  In  sandy  loam  with  a sandy  subsoil 
where  there  is  not  an  appreciable  surface 
flow  or  seepage  of  ground  water  from  higher 
land  during  and  after  storms,  the  laterals 
which  are  4 feet  deep  may  be  spaced  125 
feet  apart.  A great  many  people  make  the 
mistake  of  placing  the  tile  too  shallow  in  an 
open  soil.  Tile  placed  4 feet  deep  will  draw 
water  from  a greater  distance  each  side 
of  the  hne  than  whenplaced  only  3 feet  deep. 
This  is  illustrated  in  Fig.  349.  In  the  prairie 
sections  it  is  rather  general  practice  to  space 
the  tile  100  feet  apart,  on  an  average  of  3 J feet 
deep.  On  close,  stiff  soils  the  tile  should  be 
placed  to  a depth  of  2 to  3 feet  and  an  average 
of  60  to  60  feet  apart.  It  makes  little  dif- 
ference whether  the  depth  is  greater  than  3 
feet  unless  the  tile  are  covered  by  soil  which 
does  not  allow  the  water  to  seep  through 
readily.  There  is  really  little  information  on 
the  proper  spacing  of  tile  in  gumbo  soils. 
This  type  of  soil  is  heavy  and  sticky  when  wet 
and  it  would  seem  necessary  to  place  the  tile 
very  close  together  to  get  any  results.  How- 
ever, reports  from  one  experiment  station 
state  that  the  tile  need  not  be  laid  closer  than 
150  feet.  Other  information  would  indicate 
that  it  is  better  practice  not  to  place  the  tile 
farther  than  100  feetapart  in  the  gumbo  soils  or 
in  the  type  of  soil  usually  found  along  river  or 
creek  bottoms. 

Size  of  tile.  The  size  of  tile  for  mains  can 
be  obtained  by  referring  to  Table  III.  This 
table  is  worked  out  on  a basis  of  the  main  tile 
removing  one  fourth  inch  of  water  from  the 
area  in  24  hours.  To  use  this  table  it  is 
necessary  to  know  the  acreage  to  be  drained 
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TABLE  in.— NUMBER  OP  ACRES  DRAINED  BY  TILE  REMOVING  i-INCH 

OF  RAINFALL  IN  24  HOURS* 


i 


Fall  per  100  Feet  in  Inches. 


Inside 

Dia. 

Inches 

« 

U 

H 

3 

4! 

6 

8| 

10! 

12 

1'6" 

2'  0" 

4'  0” 

T 6" 

10'  0" 

4 

4 

7 

8 

12 

14 

16 

19 

21 

22 

28 

31 

44 

60 

69 

5 

7 

12 

14 

19 

25 

28 

32 

37 

39 

47 

55 

77 

105 

122 

6 

10 

19 

21 

30 

39 

43 

51 

58 

61 

74 

86 

122 

166 

194 

7 

15 

28 

32 

45 

56 

63 

75 

85 

90 

109 

126 

179 

244 

282 

8 

22 

40 

44 

62 

78 

88 

104 

118 

124 

152 

177 

250 

340 

394 

9 

29 

53 

59 

83 

106 

118 

140 

158 

167 

204 

236 

334 

10 

38 

69 

77 

109 

137 

154 

181 

206 

217 

267 

306 

12 

59 

109 

121 

171 

217 

244 

287 

326 

342 

418 

14 

92 

159 

176 

251 

318 

15 

104 

190 

212 

300 

16 

121 

248 

18 

164 

296 

325 

20 

213 

389 

21 

241 

22 

270 

24 

336 

1 

♦Table  computed  by  J.  H.  Ames,  Iowa  Highway  Commission. 


as  well  as  fall  per  100  feet.  For  example,  to 
drain  150  acres  with  a fall  of  three  eighths 
inch  to  each  100  feet,  it  would  require  an 
18-inch  tile  while  a 9-inch  tile  would  drain  the 
same  area  with  a fall  of  10}  inches  per  100 
feet.  To  be  safe  in  selecting  proper  sized 
mains,  it  is  well  to  increase  the 
area  by  50  per  cent  before  using 
the  table.  In  this  case,  a tile 
would  be  selected  for  225  acres 
instead  of  150  which  would 
necessitate  a 20-inch  or  10-inch 
tile,  depending  on  whether  there 
was  seven-eighths  inch  fall  per 
100  feet  or  10}  inch  fall  per  100 
feet.  The  latter  size  tile 
would  be  best  to  use.  The  size  of 
mains  may  be  determined  in  the  same  manner. 

In  selecting  the  proper  size  laterals,  one 
should  never  use  less  than  4-inch  tile.  Where 
the  land  is  rather  flat  with  a fall  of  4 inches  or 
less  per  hundred  feet,  5-inch  tile  would  be 
better.  Five-inch  laterals  are  not  as  liable 
to  be  stopped  up  as  smaller  sizes.  It  has 
been  found  that  it  is  not  good  practice  to 
have  the  laterals  more  than  one  fourth  mile 
|n  length;  nor  is  it 
economical  to  make 
the  laterals  short. 

How  the  tile 
works.  Contrary  to 
the  common  idea, 
the  water  does  not 
enter  the  tile  through 
its  walls  but  at  the 
joints  between  the 
ends  of  the  tile, 
although  tile  should 
be  placed  as  closely 
together  as  possible. 
The  water  enters  the 
tile  due  to  the  force 


of  gravity,  and  it  is  this  force  that  carries 
the  water  through  to  the  outlet. 

Tile  drain  outlet.  The  possibility  of 
an  outlet  or  a place  for  the  water  to  flow 
eventually  is  the  first  thing  to  look  for  in 
draining  a piece  of  land.  It  is  the  most  im- 


dJSSLm 


/to  drainage  bdbw 
point  at  high  water y period, 


'•'A  good drainage  to  the  outJet 
wt  tow  water  period 


Fig.  351.  The  elevation  of  the  outlet  and  the  drain  as  a whole 
should  be  based  on  the  high-water,  not  the  low-water,  level.  (Minn. 
Bulletin  15). 


Fig.  350.  Concrete  outlet 
bulkhead,  simple  and  cheap 
but  permanent  and  efficient. 
A mating  is  sometimes 
needed  to  keep  out  rats,  etc. 
(Farmen*  Bulletin  806.) 


sub-  -portant  feature  of  an  effective  drainage 
system  and  must  be  properly  built  and  pro- 
tected. When  the  outlet  tile  receives  little 
or  no  protection,  the  earth  around  the  tile  is 
washed  away  and  one  tile  after  another  then 
drops  down  and  is  washed  out,  causing  a 
gully  to  be  formed.  Cattle  and  hogs  in 
tramping  around  such  an  outlet  will  knock 
the  tile  out  ofplace  and  partially  or  entirely 
stop  it  up.  When  soft  tile  are  used  at  an 
outlet  freezing  will  break  them.  The  proper 
protection  for  an  outlet  should  be  a concrete 
bulkhead  constructed  as  shown  in  Fig.  350. 

A glazed  sewer  tile  is  sometimes  used  as  an 
outlet.  A galvanized  iron  pipe  makes  a 
veiy  satisfactory  outlet  into  an  open  ditch 
which  is  liable  to  be  deepened  or  widened 
at  any  future  time.  This  type  of  outlet  is 
not  permanent  but  can  easily  be  replaced. 
The  concrete  bulkhead  should  be  used  when 
the  outlet  is  into  some  permanent  stream. 
A good  outlet  is  enougn  lower  than  any 
point  in  the  field  so  that  there  is  no  danger 
from  back  water  or  silt.  Many  tile  outlets 
are  submerged  sometimes  during  the  year, 
but  this  does  no  damage  if  the  tue  are  prop- 
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Fig.  353.  Systems  of  tile  drainage  for  special  condition* 


erly  laid.  To  be  effective  as  soon  as  possible 
after  heavy  rains,  the  outlet  must  be  at  a 
higher  level  than  the  normal  water  line  of 
the  ditch  so  as  to  allow  free  flow  from  the 
drain.  In  some  cases  this  necessitates  deep- 
ening the  stream  or  grading  it  for  a certain 
distance  below  the  outlet.  In  many  cases 
crooked,  meandering  streams  can  be  made 
into  effective  outlets  by  straightening  them 
and  removing  logs  and  brush.  In  some 
cases  it  is  necessary  to  secure  an  outlet  by 
draining  through  a neighbor’s  field  or  across  a 
public  highway.  Proper  cofiperation  be- 
tween parties  concerned  is  the  best  way  to 
handle  such  cases. 

Draining  a farm.  The  first  thing  any 
one  should  do  in  preparing  to  drain  a farm 
is  to  make  a preliminary  investigation  to 
determine  the  best  method  to  follow.  Most 
farmers  know  the  type  of  soil,  how  fertile 
it  is,  and  are  able  to  make  a fair  estimate  of 
the  value  of  crops  that  can  be  grown  after 
drainage.  Such  an  estimate  should  be  a big 
factor  m determining  whether  a piece  of  land 
should  be  drained  or  not.  The  farmer  also 
knows  the  parts  of  the  bottom  land  which 
are  wettest  and  where  the  seeps  appear  on 
the  hillsides.  He  also  knows  now  hig'b  the 
water  stands  in  the  creek  under  normal  con- 
ditions and  where  the  natural  drainage  lines 
are  in  the  fields.  All  of  these  facts  should 
be  considered  in  the  preliminary  investigation. 
The  type  of  soil  should  be  examined  carefully, 
both  the  surface  and  the  subsoil.  The  presence 
of  a tight  clay  or  a sandy  soil  would  affect  the 
arrangement  of  the  drains  very  materially. 
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Fig.  354.  An  economical  method  of  draining  bottom 
land.  The  fewer  junctions  and  outlets  the  better  (Minn. 
Bulletin  15). 


Planning  the  system.  A system  of  tile 
drainage  is  composed  of  laterals,  submains, 
and  maim*-  The  laterals  are  the  branch 
drains  that  empty  into  the  mains  or  sub- 
mains.  The  submains  empty  into  the  mains 
and  the  mains  carry  all  of  the  water  to  the 
outlet.  Quite  often  a single  line  of  tile  is 
all  that  is  necessary.  Plans  for  complete 
drainage  should  be  made  at  the  outset.  All 
mains  should  be  large  enough  to  carry  the 
water  from  the  laterals.  On  rolling  land 
the  natural  system  of  drainage  is  used. 
The  mains  and  submains  follow  the  lines 
of  natural  drainage  and  lead  to  the  laterals 
located  in  the  small  sloughs  and  draws  as 
found  on  such  land. 

An  economical  system  of  tile  drainage 
suitable  for  bottom  land  is  one  with  long 
laterals  with  as  few  junctions  and  outlets  as 
possible  (Fig.  354.) 

Draining  a seepy  hillside.  A seepy  spot 
on  a hillside  is  due  to  the  surface  soil  bemg 
underlaid  with  a tight  heavy  clay  which  out- 
crops somewhere  down  the  slope.  The  ex- 
cess water  in  the  soil  as  it  pours  downward 
reaches  this  layer  of  tight  dense  soil  and 
follows  it  to  the  surface.  This  seep  water 
will  quite  often  ruin  the  soil  for  cultivation 
for  several  rods  down  the  slope.  In  draining 
such  a spot  the  tile  must  be  laid  across  the 
slope  on  the  upper  side  of  the  wet  outcrop 
ana  deep  enough  to  intercept  the  water 
flowing  along  the  tight  soil.  These  tile  can 
best  be  located  while  the  ground  is  wet,  or 
have  the  spot  marked  out  during  the  wet 
period. 

The  method  of  staking  out  lines  and 
establishing  a grade  is  discussed  in  Chap.  21. 

Digging  the  ditch  for  tile.  After  the 
lines  imve  been  staked  out  and  the  grade  has 
been  properly  established  excavation  can 


Fig.  356.  Location  of  tfle  placed  to  dram  a seepy 
hilhfcte 


begin.  The  tools  used  in  this  work  for  the 
ordinary  type  of  soil  are  shown  in  Fig.  357. 
Where  very  hard  soils  or  roots  and  stumps 
are  encountered  a pick  and  grubbing  hoe  are 
needed. 

In  heavy,  sticky  soil  the  open  spade  can 
be  used  to  advantage.  The  round-nose 


be  used  to  advantage.  The  round-nose 
shovel  is  used  to  remove  the  crumbs  after 
the  first  and  second  spading.  The  tile  scoop 
is  used  for  cleaning  tne  bottom  of  the  ditch 
to  receive  the  tile.  The  scoop  is  made  in 
different  sizes  to  accommodate  the  different 
sized  tile. 

The  excavation  should  begin  at  the  outlet 
or  lower  end  of  the  drain.  The  topsoil,  or 
first  spading,  is  usually  placed  on  one  side 
of  the  ditch  and  the  bottom  spading  on  the 
other.  The  ditching  must  be  carefully  and 
accurately  done.  Each  part  of  the  ditch 
should  be  tested  with  a gauge  rod  to  see  that 
it  is  to  grade  at  all  points,  being  careful  to 
shape  the  bottom  of  the  ditch  to  receive  the 
tile.  Proficiency  in  digging  a ditch  for  tile 
comes  only  with  _ 

practise.  All  lines 

should  be  thor-  — • — — ■ « 

oughly  checked.  — - 

On  large  jobs  a 
ditching  machine 
(Fig.  250)  can  be 
used  economically 
in  excavating  for 
tile.  Where  a 
machine  is  used, 
sight  bars  are  es- 
tablished a definite 
distance  above  the 
proposed  bottom  of 
the  ditch  and  are 
sighted  on  in  regu- 
lating the  cut  of 
the  machine. 

Laying  the  tile.  Fig.  356.  Bringing  the 
The  tile  are  laid  as  ditch  to  grade  by  means  of 
fast  as  the  ditch  line  and  gauge  mi 

is  completed.  A 

K*  many  tilers  place  the  tile  in  the  ditch  by 
; others  prefer  to  use  the  tile  hook.  It  re- 
quires practice  to  get  the  tile  to  fit  closely  in  the 
ditch.  It  is  usually  done  by  quickly  revolving 
the  tile  until  the  ends  make  a good  joint.  If  a 
space  of  one  fourth  inch  or  more  is  left  be- 
tween the  ends  of  tile  there  would  be  danger 
of  entrance  of  silt.  In  laying  large  tile 
that  cannot  be  handled  easily  with  hook  or 
by  hand,  a derrick  is  used.  At  the  end  of 
string  of  tile  and  at  sharp  curves  where  spaces 
between  the  ends  of  tile  are  likely  to  occur, 
broken  pieces  of  tile  should  be  placed  to  keep 
the  line  from  filling. 

Where  quicksand  is  encountered  in  digging, 
extreme  care  must  be  observed  to  keep  the 
tile  to  grade.  Boards  are  sometimes  placed 
in  the  bottom  of  the  ditch.  To  prevent  the 
sand  from  entering  the  tile  at  the  joints  they 
should  be  surrounded  with  coarse  hay  or  grass. 
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burlap  or  tarred  paper  sometimes  being 
used.  If  a supply  of  coarse  gravel  is  at  hand, 
it  should  be  packed  around  the  tile.  It  will 
be  more  permanent  and  very  effective. 

Proper  caution  must  be  observed  in  joining 
the  laterals  to  mains.  It  is  best  practice  to 
make  a smooth  curve  so  that  the  flow  of  water 
from  the  lateral  into  the  main  will  be  down 
stream.  With  small  mains  a “Y”  connec- 
tion is  best  but  a little  more  expensive.  In 
joining  a lateral  to  a main  it  is  best  to  connect  it 
with  the  top  of  lateral 
on  level  with  the 
top  of  main.  The 
hole  in  the  main  may 
be  started  with  a 
hammer  or  pick  and 
Fig.  358.  One  way  to  enlarged  by  breaking 
join  lateral  and  main  lines  off  small  pieces  with 
a monkey  wrench. 
Place  broken  pieces  of  tile  around  junction 
to  prevent  entrance  of  silt. 

Blinding  the  tile.  The  tile  should  be  cov- 
ered with  a small  amount  of  dirt  just  as  soon 
as  they  are  placed  in  the  ditch.  This  is 
called  blinding  or  priming.  The  tile  are 
usually  blinded  by  spading  off  the  sides  of  the 
ditch,  care  being  taken  not  to  knock  the  tile 
out  of  line.  The  purpose  of  blinding  is  to 
hold  the  tile  in  place  until  the  ditch  is  filled. 

Filling  the  ditch.  The  trendies  are  not 
usually  filled  until  after  all  tile  are  laid  and 
blinded.  One  common  method  of  filling  is 
to  use  a walking  plow  with  a long  double-tree 
having  a horse  on  each  side  of  ditch.  An  ” A ” 
shaped  drag  can  be  used  to  advantage  and 
light  graders  and  scrapers  are  also  used. 
Either  of  these  methods  is  much  more  eco- 
nomical than  to  fill  by  hand.  Where  tile  are 
laid  in  tight  soils  it  is  good  practice  to  place 
the  top  soil  directly  over  the  tile,  and  the  soil 
from  the  bottom  of  the  ditch  in  last.  In 
other  words,  the  back-filling  is  just  the  reverse 


of  the  excavation.  Under  certain  conditions 
gTavel  or  sand  should  be  placed  over  all  the 
tile  to  allow  the  surface  water  to  pass  through 
more  quickly.  This  is  advisable  in  draining 
an  old  pond  or  barn  yard  where  the  top  soil 
is  puddled  to  such  an  extent  to  prevent  the 
passage  of  surface  water. 

Care  of  tile  drains.  After  the  tile  are  in- 
stalled they  should  be  watched  to  see  that 
they  are  working  properly.  The  condition 
of  the  soil  a few  days  after  a rain  is  the  best 
indication  as  to  how  the  tile  are  working. 
If  a wet,  seepy  spot  is  found  over  a tile  line  it 
is  a sure  indication  of  an  obstruction.  This 
may  be  due  to  a broken  tile  or  filling  in  of  silt 
where  the  tile  are  off  grade.  Sometimes 
roots  from  trees  and  plants  will  stop  the  tile. 
No  willows  should  be  allowed  to  grow  along  a 
tile  line  unless  the  sewer  tile  are  used  and  the 
joints  closed  with  cement.  Alfalfa,  though 
a deep-rooted  plant,  has  given  very  little 
trouble  in  stopping  up  tile.  One  condition 
where  alfalfa  roots  would  probably  go  into  a 
tile  is  where  a line  passes  through  a dry, 
well  drained  piece  of  land  carrying  water 
from  a wet,  seepy  spot.  Tile  lines  draining 
a seepy  spot  or  spring  should  be  carefully 
inspected  each  year. 

Cost  of  draining.  The  cost  of  drainage 
work  consists  primarily  of  the  cost  of  excava- 
tion and  cost  of  materials.  In  large  drainage 
projects  the  cost  of  engineering  service,  legal 
proceedings  and  organization  become  rather 
large  items.  In  open  ditch  work  the  cost  of 
excavation  may  be  more  than  ninety  per  cent 
of  the  total  cost.  In  tile  drainage  the  cost 
of  excavation  varies  from  fifty  to  seventy- 
five  per  cent  of  the  total.  All  of  these  items 
vary  greatly  in  different  localities. 

Cost  of  tile.  Drain  tile,  if  bought  in  car- 
load lots  directly  from  the  factory,  are  much 


Fig.  360.  Two  other  method?  of  joinmg  main  and  later- 
als. At  better;  and  the  commoner  of  the  two 
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The  furrow  method  of  irrigating,  usually  practised  on  tilled  land,  but  here  on  a field  of  timothy 


A large  market  garden  establishment  with  many  acres  under  irrigation  by  the  pipe-line  system 


Furrow  irrigation  of  an  orange  orchard.  Thorough  preparation  ot  the  surface  before  planting  is 

essential 

There  Is  an  Irrigation  System  For  Every  Set  of  Conditions  Under  Which  Artificial 

Watering  Is  Needed 
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The  standpipe  system,  with  either  stationary  or  revolving  sprinklers,  is  excellent  for  permanent 

flower  and  vegetable  gardens 


Lawn  perfection  can  be  maintained  by  means  of  a portable  nozzle-line  system  with  an  automatic 

pipe-revolving  device 


Overhead  or  Sprinkler  Irrigation,  an  Invention  of  the  Twentieth  Century,  Is  Open- 
ing the  Way  to  New  Possibilities  in  Humid  Regions 
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Fig.  361.  Filling  a ditch  with  a plow  and  long  doubletree 


cheaper  than  when  purchased  from  local 
dealers.  Table  IV  is  representative  for  tile 
delivered  at  middle  western  railroad  stations. 


TABLE  IV— COST  AND  WEIGHT  OF  TILE  (1919) 


flITR 

FEET  IN 

15-ton 

CARLOAD 

PRICE  PER 

1,000  FT. 

PRICE  PER 
ROD 

4 inch 

5,000 

$ 36.00 

* .69 

5 “ 

3,000 

49.00 

.81 

6 “ 

2,500 

66.00 

1.09 

8 “ 

1,500 

117.00 

1.83 

10  “ 

1,000 

175.00 

2.90 

12  “ 

850 

200.50 

3.30 

Prices  per  rod  and  per  1,000  ft.  are  on  the  same  basis. 


Cost  of  excavating  and  laying.  The  cost 
of  excavating  the  ditch  and  laying  the  tile 
depends  upon  labor  conditions,  type  of  soil, 
depth  of  drainage,  and  size  of  tile.  The  cost 
of  complete  drainage  is  often  as  much  as 
$25  to  $50  an  acre. 

The  cost  of  excavating  increased  practically 
75  per  cent,  during  the  years  1916  to  1919. 
But  land  values  have  also  increased  and  own- 
ers of  land  that  needs  drainage  cannot  well 
afford  to  hold  back  on  account  of  high  prices. 
The  following  figures  give  costs  per  rod  for 
digging  trench,  laying  the  tile,  and  back 
filling  where  the  wages  for  good  diggers  are 
40  to  50  cents  an  hour. 


SIZE  OF 
TILE 

inches 

| DEPTH  IN  FEET 

8 

4 

5 

4 to6 

$ .60 

$.95 

$1.45 

7 to  8 

.76 

1.20 

1.75 

9 to  10 

.87 

1.36 

2.10 

12 

1.00 

1.55 

2.04 

The  cost  of  back  filling  alone  is  not  more 
than  3 to  5 cents  a rod,  if  a team  and  plow 
are  used,  but  prohibitive  if  done  by  hand. 

The  data  on  this  page  make  possible  an 
approximate  estimate  of  the  cost  of  the  later- 
als of  a system.  To  this  must  be  added 


the  cost  of  mains,  subraains  and  back  filling. 


Feet  between 
laterals 

50 

66 

80 

100 

150 

200 

Feet  of  tile 

per  acre 

872 

660 

545 

it*. 

CO 

291 

218 

Rods  of  tile 

per  acre 

53 

40 

33 

26 

18 

13 

Kinds  of  tile.  Burned  clay  and  concrete 
tile  when  properly  made  give  equally  good  re- 
sults. A poor  quality  tile  of  either  kind 
will  disintegrate  when  in  use.  Contrary  to  the 
general  idea  clay  tile  should  be  hard  burned, 
not  porous.  A vitrified  clay  is  more  durable 
and  oetter  than  the  salt  glazed  variety.  The 
following  general  requirements  are  from  Bul- 
letin 31  of  the  Iowa  Engineering  Experiment 
Station:  4 ‘All  drain  tile  shall  be  good,  sound 
tile,  of  first  class  quality.  They  shall  be  en- 
tirely free  from  cracks  and  fire  checks  ex- 
tending into  the  body  of  the  pipe  in  such 
a way  as  appreciably  to  lower  its  strength. 
No  pipe  shall  be  accepted  having  pieces 
broken  out  in  such  a way  or  to  such  an  extent 
as  appreciably  to  affect  the  strength  of  the 
pipe,  or  to  permit  the  entrance  of  soil. 

“The  pipe  shells  shall  have  uniform,  strong, 
dense  structures  throughout,  without  serious 
flaws  or  weak  spots. 

“All  pipe  shall  give  a clear  ring,  when 
stood  on  end  or  laid  on  one  side,  evenly  sup- 
ported at  the  lower  end,  or  along  a line  of 
one  side,  and  free  elsewhere,  and  tapped  with 
a light  hammer  while  dry. 

“All  pipe  shall  be  regular  and  true  in  shape. 
The  average  diameter  shall  not  be  more  than 
2 per  cent,  less  than  the  specified  diameter. 
No  two  diameters  of  the  same  pipe  shall  differ 
from  each  other  more  than  7 per  cent,  nor 
shall  the  average  diameters  of  adjacent  pipe 
differ  more  than  4 per  cent. 

“Pipe  may  be  furnished  in  lengths  of  1,  2, 
2}  and  3 feet,  but  1 foot  lengths  shall  not 
be  used  for  sizes  more  than  15  inches  in  di- 
ameter. No  pipe,  designed  to  be  straight, 
shall  vary  from  a straight  line  more  than  1} 
per  cent,  of  its  length. 

“If  cement  tile  are  used,  they  shall  show  a 
uniform,  dense  structure,  with  clean  aggre- 
gates, well  graded  as  to  size  of  materials, 
and  with  the  grains  and  pieces  of  aggregate 
well  coated  ana  the  pores  well  filled  with  good 
Portland  cement.  There  shall  be  no  spots 
of  specially  great  porosity.  Fractured  sur- 
faces shall  show  broken  pieces  of  aggregate 
firmly  bedded  in  the  concrete.  The  general 
appearance  of  the  material  shall  be  at  least 
equal  to  that  of  first  class  gravel  concrete,  in 
these  proportions:  1 part  first-class  Portland 
cement;  2 parts  clean,  coarse  sand;  1 part 
pebbles,  from  1 inch  to  half  the  thickness  of 
the  tile  wall  in  diameter.” 

Drainage  records  or  maps  usually  show  all 
lines  of  tile.  Such  a record  is  important 
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Fig.  382.  The  kind  of  tile  not  to  use.  It  is  poorly 
made  and  will  soon  break  down  and  cause  trouble  and 


in  the  location  of  lines  of  tile  when  the  system 
is  extended.  It  is  also  of  value  if  the  farm  is 
sold.  Fig.  352  is  an  example  of  a good  drain- 
age map. 

Drainage  of  irrigated  land.  It  has  been 
estimated  that  more  than  one  million  acres  of 
land  in  the  irrigated  sections  of  the  United 
States  need  drainage.  The  greater  part  of 
this  need  of  drainage  is  brought  about  due  to 
over-irrigation,  also  to  waste  from  canals. 
Quite  often  the  lower  lying  lands  are  injured 
by  the  seepage  from  higher  land.  It  is  neces- 
sary to  find  the  source  of  the  damaging  water 
to  be  able  to  locate  lines  of  tile  intelligently. 
The  drains  must  be  located  to  intercept  the 
water  before  it  does  any  damage.  After  the 
intercepting  drain  is  installed  and  the  seepage 
from  outside  sources  cut  off  the  natural  drain- 
age of  the  area  usually  is  sufficient  to  take  care 
of  the  water  applied. 

Drainage  laws.  Nearly  every  state  has  a 
general  drainage  law  which  gives  the  land 
owners  authority  to  form  drainage  organiza- 
tions of  a cooperative  character.  Laws  are 
always  necessary  in  the  construction  of  large 
drains  in  which  a number  of  people  have  a 
common  interest.  While  the  laws  vary 
in  detail  in  the  different  states,  they  are 
practically  the  same.  The  essential  features 
of  a drainage  law  according  to  C.  G.  Elliott, 
formerly  of  the  United  States  Department  of 
Agriculture,  are:  “First,  the  right  given  to 
property  owners  under  certain  prescribed 
conditions  to  petition  the  proper  authority 
for  the  construction  of  drains  which  will  be  of 
public  benefit;  second,  provision  for  making 
and  collecting  assessments  to  defray  the  cost 
of  the  work,  and  also  for  the  appraisement 
and  payment  of  damages  to  property  incident 
to  such  construction;  third,  the  establishment 
of  the  perpetual  right  of  land  owners  included 
in  the  district  to  use  the  ditches  or  drains 
which  are  constructed;  fourth,  authority  under 
proper  legal  regulation  to  incur  debt  and  sell 
bonds  for  obtaining  money  with  which  to 
perform  the  public  part  of  the  work.” 

Special  Drainage  Systems 

Surface  inlets  or  vertical  drains.  Surface 
inlets  are  used  to  allow  the  surface  water  to 
flow  directly  into  the  tile  without  seep- 


ing through  the  soiL 
For  this  reason,  they 
are  of  great  value  in 
dense  soils  in  depres- 
sions where  the  water 
collects  and  would 
drown  the  plants  if 
not  removed.  In 
draining  barnyards 
and  feeding  lots 
where  the  soil  is  of 
a clay  formation  and 
is  puddled  by  tramp- 
ing, surface  inlets 
should  be  used.  The 
simplest  type  of  sur- 
face inlet  is  to  have 

a part  of  the  trench  Fic  ^ A vertical 
above  the  tile  filled  drain  that  may  serve  as 
with  rock  or  broken  outlet  for  a lateral  line 
stone.  A convenient 
form  of  surface  inlet 
is  a large  sewer  tile 

with  side  connections  for  the  drains  and  pro- 
vided with  a grate  at  the  top.  A concrete 
box  also  makes  a very  satisfactory  surface 
inlet.  A surface  inlet  made  of  either  a concrete 
box  or  sewer  tile  should  be  made  deeper  than 
the  drain  so  that  any  sand  or  silt  that  is 
washed  in  will  not  be  carried  down  the  tile. 

The  silt  basin.  The  silt  basin  is  a small 
well  for  collecting  the  sand  and  silt  that  is 
carried  along  in  the  tile.  It  may  also  be 
used  as  an  observation  well.  The  silt  basin 
is  needed  most  in  sandy  soils  where  there  is  a 
long  drain  or  where  the  grade  decreases,  thus 
tending  to  deposit  silt.  The  combined  inlet 
and  silt  basin  are  often  used  at  the  upper 
end  of  a line.  The  silt  basin  is  constructed 
of  either  sewer  pipe  or  a concrete  box.  The 
bottom  of  the  basin  should  be  carried  down 
two  or  three  feet  below  the  outlet  tile. 

Collecting  basins  or  relief  wells.  Relief 
wells  are  used  in  connection  with  a tile  drain 
to  intercept  seepage  water  which  percolates 
down  a slope.  They  are  very  useful  in  the 
drainage  of  irrigated  land  where  the  seepage 
water  flows  8 or  10  feet  under  the  surface. 
The  tile  line  is  installed  to  the  ordinary  depth 
and  is  supplemented 


with  wells  bored  at 
intervals  in  the  bot- 
tom of  the  trench  to 
a sufficient  depth  to 
provide  a passage 
through  which  the 
water  may  rise  to 
the  drain. 

Drainage  wells. 
In  limestone  areas 
there  are  many  sink 
holes  that  furnish 
outlet  for  drainage 
systems.  In  the 
same  type  of  soil 
wells  are  bored  and 


Fig.  364.  A combined 
open  catch  basin,  silt  basin 
and  inspection  basin.  (Kan- 
sas Report.) 
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used  for  the  same 
purpose.  There  are 
single  wells  in  use 
that  are  an  outlet 
for  a system  of 
drainage  for  more 
than  1,000  acres. 
Such  a well  must 
be  properly  curbed 
to  prevent  it  wash- 
ing. This  type  of 
outlet  for  drainage 
water  is  not 
always  advisable. 
This  is  especially 
true  in  closely  set- 
tled communities 
where  the  water 
supply  for  the  home 
is  used  from  the 
same  type  of  wells  and  would  be  liable  to  con- 
tamination from  the  field  drainage. 

Drainage  of  the  home  surroundings.  One 
of  the  essentials  of  a good  house  location  is 
to  be  well  drained.  Where  the  natural  drain- 
age is  not  perfect,  artificial  drainage  should 
be  provided.  This  is  necessary  not  only  from 
a standpoint  of  health,  but  also  of  conve- 
nience and  a means  of  providing  better  growth 
of  plants  in  the  yards  and  gardens.  A sani- 
tary barnyard  requires  that  it  be  well  drained. 
Eaves  troughs  and  down  spouts  should  be  pro- 
vided for  all 


l Change  of Slope « 
tVet  area 


. •!  'sv • • *v» r-.:r  ,*  • i 


Fic.  366.  Relief  wen  for 
bringing  water  from  below  up 
to  the  drain  line. 


Fic.  366.  Blind  inlet  or 
well  sunk  below  the  surface  to 
cultivation. 


the  buildings. 
Where  a cis- 
tern is  not 
used  they 
should  be  con- 
nected  to  a 
tile  drain.  A 
greater  part  of 
the  mud  com- 
mon to  the 
average  barn- 


yard is  due  to  the 
water  flowing 
from  the  roofs 
of  the  barns  and 
sheds.  Ample 
drains  with  sur- 
face inlets  should 
be  provided  for 
the  feed  lots.  Sur-  Fig.  367. . Stone  drainage  well 
face  relief  ditches  and  screened  wooden  box  that 
should  be  used  to  grvesaa a filter. (Cornell  Reading 

divert  any  water  ' 

from  higher  land  from  flowing  into  the  barn- 
yard. The  foundations  of  all  the  buildings 
should  be  well  drained,  especially  the  house. 
Drains  extending  underneath  the  cellar  wall 
will  prevent  watei  {entering  the  cellar. 

Road  drainage.  Proper  drainage  is  one  of 
the  first  requirements  of  a good  road.  There 
are  three  forms  of  water  that  must  be  re- 
moved from  a road  to  drain  it  properly. 
The  surface  water  on  the  top  and  sides  of  the 
road,  the  ground  water  in  the  road  bed,  and 
the  flood  water. 

To  secure  good  surface  drainage  the  road 
must  be  properly  graded  and  crowned,  having 
the  crown  not  less  than  24  to  30  inches  above 
the  flow  line  of  the  side  ditches.  The  crown 
should  be  kept  smooth  by  dragging,  keeping 
all  ruts  filled.  The  side  ditches  should  be 
properly  maintained  to  prevent  them  from 
forming  gullies.  The  ground  water  should 
be  removed  or  lowered  by  tile  drainage.  Often 
one  line  of  tile  laid  under  the  shoulder  of  the 
road  on  the  upper  side  is  all  that  is  necessary. 
Where  the  road  is  flat  a line  on  each  side  is 
usually  better  than  one  under  the  centre  of 
the  road.  To  take  care  of  flood  water 
by  conducting  it  across  a road,  proper  sized 
culverts  should  be  selected  for  the  area 
drained.  Quite  often  a relatively  small 
concrete  culvert  can  be  substituted  for  a long 
dilapidated  wooden  bridge  which  is  always  a 
source  of  danger. 


Profits  from  drainage.  The  profits  from  drainage  are  manifold.  The  in- 
crease in  production  ana  the  rise  m value  of  land  are  the  most  noticeable.  There 
are  thousands  of  acres  of  once  practically  worthless  land  that  have  been  trans- 
formed by  drainage  into  productive  farms  that  sell  for  $200  an  acre.  Many 
acres  that  have  been  cropped  at  a loss  for  years  double  their  production  after 
drainage.  Every  farm  that  has  a few  wet  acres  is  farming  at  a loss  until  they  are 
drained. 

Drainage  is  also  profitable  from  a standpoint  of  health.  By  drainage,  the 
mosquito  pest  is  partially  or  entirely  eliminated,  reducing  the  malaria  in  the 
community.  In  one  district  malaria  was  reduced  70  per  cent  after  drainage. 
The  health  condition  of  the  farm  animals  is  affected  by  drainage.  An  important 
feature  in  combating  hog  cholera  is  to  have  well-drained  lots.  Sickness  and  dis- 
ease are  very  costly,  so  an  investment  that  will  improve  health  conditions  will 
pay  big  dividends. 
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Fig.  368.  Using  the  scraper  crosswise  of  the  furrow  in 
making  an  irrigation  ditch  (see  text,  p.  252) 


CHAPTER  23 

Practical  Farm  Irrigation 


By  Professor  R.  P.  Clarkson  {see  Chapter  lb),  who  discusses  the  engineering  detqilsof  ordi- 
nary irrigation  on  and  under  the  surface , and  F.  F.  Rockwell  {see  Chapter  11),  who  takes  up  over- 
head irrigation  and  its  equipment . When  we  speak  of  irrigation  work  we  think  first  of  the  immense 
projects  of  the  West , which  impound  millions  of  gallons  of  stream  water  and  provide  moisture  for  the 
needs  of  many  settlers  and  their  many  cultivated  areas.  The  details  of  these  enterprises  are,  how 
ever,  of  no  practical  interest  to  the  small,  individual  farmer . He  wants  to  know  {1 ) how  to  carry 
out  irrigation  plans  and  projects  on  his  own  place,  when  this  can  be  done;  and  {2)  how  to  handle 
and  distribute  the  water  supplied  to  him  at  the  edge  of  his  fields  by  the  local  large-scale  project  upon 
which  he  depends . These  problems  are  the  ones  treated  in  this  chapter . — Editor. 


THE  value  of  irrigation,  its  purposes  and  its  various  relations  to  soil  manage- 
ment principles,  are  treated  in  Volume  II,  Chapter  3.  This  article  treats  of 
only  the  engineering  side  of  the  subject,  the  practical  details  of  things  to  do,  how 
to  do  them,  and  what  to  do  them  with. 

A good  general  lays  out  his  plans  carefully  before  starting  anything.  The 
first  step  in  irrigation  should  not  be  taken  until  the  entire  campaign  is  planned 
out.  Determine  the  needs  of  your  land,  the  nature  of  the  crop,  the  soil  conditions 
at  the  time,  the  water  available,  the  money  and  time  at  your  command,  any  ex- 
pectations of  the  season  that  can  be  estimated  in  advance,  in  fact  every  feature 
that  is  likely  to  affect  results;  and  then  determine  the  method  of  irrigation  to  be 
adopted. 

Principles  of  Irrigation  Practice 


The  first  step  in  any  case  is  to  study  the  slope  of  the  ground  and  carefully  pre- 
pare the  surface.  It  must  really  be  quite  well  graded,  gulleys  and  hollows  must  be 
filled  in,  while  ridges  and  humps  must  be  leveled. 

Leveling  the  surface.  This  is  best  accomplished  in  2 operations:  (1)  Go  over 
the  land  and  grade  roughly  any  particular  spots  that  need  attention.  (2)  Follow 
up  with  plow  and  harrow  over  the  field, 
and,  if  necessary,  with  some  type  of  drag 
or  scraper,  the  split-log  drag  (p.  272) 
being  useful  and  easily  made.  A light 
U-shaped  scraper  formed  of  a 2-inch 
plank  placed  on  edge  will  prove  even 
more  satisfactory.  The  dragging  should 
take  place  in  both  directions,  the  break- 
ing up  of  the  field  by  means  of  plow  and 
harrow  need,  of  course,  be  done  but  once. 

To  be  successful  the  land  levels  must 


Fig.  369.  Leveling  the  surface  with  a home-made 
plank  scraper,  preparatory  to  irrigating 
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not  be  determined  solely  by  the  eye. 
Stretch  a cord  between  stakes  and  grade 
to  the  cord.  The  surface  must  not  be 
horizontal,  indeed  this  condition  could 
not  be  attained  on  many  farms,  but  the 
surface  of  any  particular  field  should  be 
flat  and  even,  not  broken  by  hillocks 
which  would  remain  dry,  or  by  hollows 
and  dead-end  ditches  which  would  re- 
ceive more  than  their  share  of  water. 

Preparing  side  hills.  On  side  hills 
of  any  considerable  steepness  of  grade, 
the  land  must  be  terraced  to  accomplish 
anything  like  even  distribution  of  water. 
This  terracing  is  done  by  first  breaking 
the  field  with  plow  and  harrow  to  make 
it  workable.  The  best  plan  is  then  to 
decide  on  the  distances  between  terraces.  They  should  be  small  and  close  to- 
gether so  that  the  field  has  in  reality  a sort  of  saw-tooth  surface  down  hill. 
Oftentimes  the  whole  work  required  can  be  done  with  a plow  turning  out  furrows 
the  proper  distance  apart,  say  4 or  5 feet,  and  then  grading  the  intervening  land 
to  a gentle  slope  from  the  top  of  one  furrow  to  the  bottom  of  the  next  lower 
furrow.  This  does  away  with  the  necessity  of  removing  the  topsoil  during 
grading  operations  and  restoring  it  afterward.  The  conservation  of  the  topsoil 
is,  however,  sometimes  required  where  a thin  topsoil  and  poor  subsoil  are  en- 
countered. 


Fig.  370.  Finishing  a small  ditch  with  an  A-shaped 
plank  scraper 


Methods  of  Irrigating 

Furrows  and  flooding.  With  a terraced 
hillside  and,  in  fact,  with  practically  all  steeply 
sloping  land,  the  flooding  from  a canal  at  the 
top  of  the  slope  is  the  easiest  and  cheapest 
method  of  getting  water  on  the  surface.  If 
it  is  a long  hill  several  canals  may  be  laid  out 
at  intervals  of  perhaps  50  to  100  yards  down 
the  hill,  depending  on  the  nature  of  the  soil. 
The  water  is  led  into  each  of  these  canals,  the 
canals  are  dammed  up  by  methods  described 
later,  and  the  water  rises  and  flows  over  the 
side  of  the  canal.  The  grade  of  the  canals 
must  be  carefully  established  so  as  to  give  a 
gentle  slope  with  a fall  of,  say  not  more  than 
1 foot  in  1,000  to  allow  the  water  to  flow  prop- 
erly. The  water,  when  it  rises  in  the  canals, 
must  flow  over  the  bank  in  a more  or  less  un- 
broken sheet.  To  assure  this  the  edge  of  the 
bank  over  which  flow  takes  place  must  be 
leveled  accurately.  At  the  bottom  of  the 
hillside  a canal  should  be  placed  to  catch  the 
surplus  flow  and  direct  it  to  further  irrigating 
purposes  on  the  lower  lands. 

Bedding  layout.  If  the  ground  is  practically 
level  a bedding  method  may  be  employed. 
The  land  is  plowed  in  ridges  from  12  feet  wide 
for  hand  cultivation  to  25  feet  or  more  wide 
for  horse  machinery.  The  result  is  really  a 
series  of  wide  but  veiy  shallow  ditches,  the 
earth  being  all  worked  in  so  as  to  give  merely  a 
smooth  surface  everywhere.  Along  the  crest 


of  each  ridge  a small  distribution  canal  may  be 
run  from  the  main  supply  canal  at  the  head 
of  the  ridges.  These  supply  canals  are  about 
100  yards  apart,  and  divide  the  field  into 
plots  of  that  length,  the  distribution  canals 
and  ridges  being  parallel  to  the  length  of  the 
plots.  At  the  bottom  of  the  depression  be- 
tween the  ridges  may  be  placed  open  drainage 
canals  or  tile  underdrains  the  method  of 
laying  the  tile  being  described  in  Chapter  22. 

Orchard  irrigation  is  becoming  more  or 
less  extensively  practised,  the  furrow  and 
flood  system  being  very  common  and  simple 
in  this  connection.  Occasionally  the  bedding 
layout  is  used,  the  distribution  furrows  being 
run  between  the  trees  and  so  spaced  as  to 
throw  the  rows  of  trees  into  the  depressions. 
A modification  of  this,  however,  requires  only 
a single  distribution  furrow  alongside  each 
tree  row,  the  land 
being  sloped  slight- 
ly from  the  furrow 
to  the  opposite  side 
of  each  tree  where 


Fig.  371.  Terrace  drag  or  A-shaped  scraper  used  in 
hillside  irrigation  and  in  making  small  ditches  (Farmers’ 
Bulletin  882). 
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the  earth  is  piled  into  an  embank- 
ment. This  sloping  can  be  done 
with  a hoe  at  each  individual  tree, 
the  furrow  side  being  cut  down  so 
that  flooding  over  the  side  is  per- 
mitted only  at  the  tree  point. 

Thus  there  is  a little  bed  or  check 
at  each  tree  which  may  be  flooded 
as  desired. 

Vineyard  irrigation  is  practised 
in  both  of  the  ways  outlined  above. 

The  irrigation  level  and  its  use. 

The  most  convenient  form  of  cheap 
level  for  use  in  almost  any  farm 
operations  which  do  not  extend 
over  any  great  distance  is  made  by 
fastening  a good  carpenter’s  level 
to  a well-made  straight  edge  20  feet 
long.  At  each  end  fasten  and  firmly 
brace  a leg  say  3}  feet  long.  One 
leg  is  best  made  adjustable  to  slide 
so  that  grades  may  be  determined 
with  it.  The  shorter  leg  is  placed 
on  the  surface  of  the  ground  at  the 
start  of  a ditch  or  grade  line,  and  a 
hole  is  dug  for  the  longer  leg  to 
such  depth  that  the  straight  edge 
is  parallel.  The  difference  in  length 
of  the  legs  then  gives  the  fall  in 
grade  for  the  20  feet  in  the  direc- 
tion of  the  longer  leg;  multiplied  by 
50,  it  is  the  total  fall  per  1,000  feet 

When  one  hole  is  dug  and  levels  obtained, 
the  short  leg  can  be  placed  in  that  hole  and  a 


r 
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Fig.  373.  Irrigation  level.  The  dimensions  (16$  x 
3$  feet)  are  in  practically  the  same  proportions  as  those 
given  in  the  text  (20  x 3$  feet). 


wajnagc  wren 


Fig.  372.  Rice  field  laid  out  for  irrigation  by  flooding.  Note  that 
there  is  only  about  7 feet  difference  in  elevation  between  the  upper 
left-hand  and  the  lower  right-hand  corners.  This  makes  less  than  a 
foot  of  fall  between  each  two  levees.  (Calif.  Bulletin  279.) 


second  hole  dug  for  the  longer  leg  until  a 
level  is  again  obtained.  This  operation  can 
be  repeated  to  the  end  of  the  line,  then 
the  ditch  excavated  to  the  grade  joining 
the  bottoms  of  the  holes,  stakes  driven,  and 
a cord  stretched,  to  make  sure  there  are  no 
intermediate  humps  and  hollows.  It  is  a 
good  plan  to  check  the  grades  over  again  with 
the  level  after  the  ditches  are  opened  up. 
The  flowing  water  will  give  a good  indication 
of  the  evenness  of  the  grade. 


Cost  of  preparing  land.  Dr.  Elwood  Meade,  a well-known  authority  on  irri- 
gation subjects,  states  that  the  cost  of  preparing  the  land  for  irrigation  is  from 
$3  to  $30  per  acre.  The  flooding  method  is,  of  course,  usually  the  cheapest 
method  and  frequently  costs  considerably  less  than  $3  per  acre  irrigated.  Un- 
less some  particularly  expensive  obstacle  is  encountered,  the  cost  will  seldom  go 
over  $4  or  $5  per  acre. 

Pumping  irrigation  water.  In  many  places  irrigation  is  impossible  without 
pumping;  this  type  is  always  very  costly,  especially  when  compared  with  some 
neighboring  project  in  which  water  is  obtained  from  reservoirs  by  gravity  flow. 
Low-head,  large-volume  pumping  has  been  worked  out  by  means  of  the  develop- 
ment of  centrifugal  or  turbine  pumps  and  on  a big  scale  it  is  found  to  be  economi- 
cal. Small  volume  pumping,  however,  depends  almost  entirely  on  the  windmill 
or  oil  engine  or,  in  rare  cases,  the  farm  steam  engine. 

With  the  many  disadvantages  attached  to  the  pumping  of  a water  supply, 
there  go  also  some  advantages  among  which  two  m particular  stand  out:  (1) 
There  is  always  a high  degree  of  control  of  quantity  of  water  and  period  of  dis- 
tribution. (2)  There  is  no  controversy  over  sharing  the  use  of  the  supply  with 
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others.  In  other  words,  your  pumping 
plant  is  independent  and  in  control  en- 
tirely of  your  operations. 

Frequently  underground  or  well  water 
is  the  only  source  of  supply  for  pumping, 
and  through  the  Middle  West  the  wind- 
mill adapts  itself  particularly  to  these 
conditions  where  the  operation  of  irriga- 
tion is  on  a small  scale.  However,  the 
small  size  and  power  output  of  windmill 
units  make  them  a highly  expensive  and 
more  or  less  undependable  source  of 
power  for  acreage  irrigation. 
ttG- ™iu£!u2i  The  first  cost  of  pumping  plants  for 

about  15  installations  in  the  South  and 
Middle  West  where  the  head  of  water  pumped  was  about  20  feet  and  the  average 
acreage  treated  was  about  200,  was  about  $15  per  acre,  while  the  annual  cost 
per  acre  was  slightly  under  $7.  With  plants  having  heads  averaging  40  feet  and 
supplying  on  an  average  only  100  acres, 
the  first  cost  was  about  $25  per  acre  and 
the  annual  cost  about  $12  per  acre. 

Practical  considerations.  It  would  not 
be  advisable  to  irrigate  all  land  which  re- 
quires it.  A practical  consideration  of 
costs  is  necessary  in  each  case.  Some 
fields  are  so  low  or  the  soil  is  so  heavy 
that  a system  of  irrigation  would,  9f  neces- 
sity, require  also  a system  of  drainage  to 
prevent  the  fields  being  turned  into 
swamps  and  marshes.  In  this  case  the 
total  cost  of  the  irrigation  and  drainage 
might  be  very  much  greater  than  the 
possible  value  of  the  additional  products  obtained  from  the  land  as  a result  of 
the  treatment.  To  take  apother  case,  if  the  land  is  situated  far  above  the  water 
supply,  the  cost  involved  in  raising  and  storing  the  water  may  be  prohibitive. 

Cost,  not  physical  conditions  about  the  farm,  is  usually  the  only  obstacle  in 
the  way  of  irrigation.  Usually  where  it  pays  at  all,  it  pays  well,  for  it  makes  pos- 
sible a crop  which  should  return  in  a very  few  years  the  total  outlay  involved. 


Where  the  going  ia  'firm  a wheeled 
icker  work  in  leveling  and 


Fig.  375.  _ _ 

scraper  will  do  more  and  quicker  work  in  leveling  and 
ditch-making  than  the  ordinary  drag  type  (Fig.  369) . 


Source  of  water  supply.  The  supply  of 
water  involves  the  most  serious  part  of  any 
irrigation  project.  For  small  garden  and 
market  farming,  wells  can  as  a rule  be  de- 
pended upon.  For  fairly  dry  regions,  how- 
ever in  the  case  of  irrigation  over  a number  of 
acres,  wells  are  not  dependable,  except  for 
partial  service. 

The  requirements  for  a project  of  consid- 
erable size  are  such  that  only  streams,  lakes 
or  springs  can  be  relied  upon,  unless  un- 
usual conditions  as  to  flowing  or  artesian  wells 
are  available.  Even  then,  after  a period 
of  use  they  have  been  found  to  require  expen- 
sive pumping  to  keep  up  their  supply.  In 
some  cases  as  in  the  West,  large,  artificial 
storage  basins  or  lakes  are  created  by  proper 
engineering  measures,  but  as  a rule  this  form 


of  water  supply  cannot  be  afforded  unless  a 
very  large  project  is  contemplated.  A small, 
artificial  pond,  unless  continually  fed  by 
streams  or  springs  would  not  be  a dependable 
source  of  supply. 

Quantity  of  water  required.  A number  of 
factors  enter  into  a study  of  the  amount  of 
water  required  to  irrigate  each  acre  properly. 
The  nature  of  the  crop  is  important  as  some 
plants  require  more  moisture  than  others, 
which  results  in  either  a larger  amount  being 
used  at  each  operation  or  more  frequent  oper- 
ations. The  climate  affects  the  evaporation 
and  thus  the  total  amount  of  water  that  must 
be  applied  in  order  to  give  the  crop  a certain 
amount.  The  nature  of  the  soil  treated  af- 
fects the  absorption  and  retention  of  the 
water.  Lastly,  the  subsoil  affects  the  water 
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requirements  through  absorption  or  drainage 
action.  An  examination  of  each  of  these 
controlling  factors  must  be  made  before  the 
layout  of  any  irrigation  system,  in  order  that 
the  water  requirements  may  be  met  not 
only  by  the  source  of  supply,  but  by  the  vari- 
ous ditches  and  canals  whose  size  and  grade 
are  designed  with  a view  to  a definite  water- 
carrying  capacity. 

The  following  table  indicates  the  effect  of 
different  types  of  soil,  the  absorption  figure 
being  for  either  surface  or  subsoil: 


Fig.  376.  Diagrams  of  different  irrigation  methods: 
a,  section  of  hillside  terraced  for  furrow  and  flooding  sys- 
tem; b,  sect  ion  showing  orchard  irrigation  details;  c,  section 
and  d,  ground  plan  of  the  bedding  layout.  In  each  case 
the  slopes  are  exaggerated  to  illustrate  the  principles. 
(See  text  p.  247). 


SOILS 

WATER 

ABSORBED 

EVAPORATED  IN 

3 HOURS 

Sandy  . . 

25  to  30% 

55  to  70% 

Loam 

50 

25  to  85 

Heavy  Clay 

60  to  80 

20  to  25 

This  table  shows  that  (a)  the  soils  which 
absorb  the  most  water  retain  the  most;  and 
(b)  the  finer-grained  soils  such  as  loam  and 
clay  absorb  the  most  water.  From  study 
along  these  lines,  it  is  suggested  that  a soil 
which  contains  20  per  cent  sand  should  be  ir- 
rigated once  in  15  days,  while  a soil  having  80 
per  cent  sand  requires  an  application  of  water 
every  5 days. 

Conveying  the  water.  The  following  table 
gives  the  amount  of  water  required  per  acre, 


for  various  depths,  together  with  the  flow  re- 
quired, assuming  all  the  water  is  put  on  the 
land  in  3 hours. 


AMOUNT 

FLOW  IN 

SECOND 

FEET 

GALLONS#!® 

MINUTE 

1 acre  inch  . 

i 

1 

1511 

1$  acre  inches 

2 acre  inches 

226 

302 

3 acre  inches  . . 

l 

453 

! 

4 acre  inches 

li 

605 

An  acre  inch  is  the  amount  of  water  re- 

2uired  to  cover  an  acre  uniformly  1 inch 
eep.  It  equals  3,630  cubic  feet;  or  27,225 
gallons. 

One  second  foot  is  a cubic  foot  per  second. 
It  equals  1 acre  foot  in  12  hours  and  6 minutes; 
or  1 acre  inch  per  hour;  or  7 J gallons  per  sec- 
ond. 

The  size  of  ditches  required  depends  on 
3 things:  (1)  the  amount  of  water  which 
must  pass  a given  spot;  (2)  the  seepage  and 
leakage  losses,  and  (3)  the  greatest  velocity 
of  the  water  which  will  not  cause  erosion. 
This  velocity  depends  to  some  extent  upon 
the  slope  of  the  ditch.  The  usual  maximum 
velocity  allowed  in  irrigation  canals  is  3 feet 
per  second.  The  aim  is  to  give  as  high  a 
velocity  as  will  not  cause  serious  erosion  of  the 
soil  and  yet  will  prevent  the  deposit  of  silt 
in  the  main  canals.  The  grades  allowed  vary 
from  an  inch  or  two  per  thousand  feet  to 
1 foot  in  100  feet,  with  the  slighter  falls, 
large  canals  must  be  used,  while  with  the 
greater  slopes  the  cross  section  can  be  corres- 
pondingly smaller.  The  carrying  capacity  of 
any  ditch  is  its  cross  section  in  square  feet 
multiplied  by  the  velocity  of  the  flowing  water 
in  feet  per  second. 

Where  wooden  and  iron  or  stone  aqueducts 
or  pipes  are  used  the  grade  is  made  as  steep 
as  practicable,  so  as  to  make  the  necessary 
construction  as  small  and  thus  as  cheap  as 
possible.  All  wooden  or  other  construction 
m connection  with  running  water  must  be 
made  very  heavy  and  substantial.  Water  is 
a very  heavy  substance  and  in  motion  can 
exert  tremendous  force.  Wherever  possible, 
bolts  and  lag  screws  should  be  used  m place 
of  nails  or  spikes. 

Measuring  water.  The  simplest  and  most 
accurate  device  for  general  use  in  water  meas- 
urement is  a weir  specially  formed  and 
set  to  make  calculations  easy.  It  consists 
of  a flat  board  or  panel  set  on  edge  vertically 
and  extending  across  the  stream.  A rectangu- 
lar notch  is  cut  in  from  the  top  edge  of  the 
board,  the  edges  of  the  notch  oeing  beveled 
to  flare  downstream.  The  edge  of  the  weir 
must  be  horizontal.  The  width  of  the  notch 


Digitized  by  v^.ooQle 


PRACTICAL  FARM  IRRIGATION 


251 


and  the  height  of  the  surface  of  the  water 
above  the  horizontal  edge  of  the  notch  are  the 
two  measurements  which  must  be  carefully 
observed.  The  following  weir  table  gives  the 
discharge  from  such  a weir  in  cubic  feet  per 
minute  per  inch  of  length  for  varying  depths  of 
water  above  the  edge  of  the  notch  in  the  weir: 


DISCHARGE 

DEPTH 

IN  INCHES 

0.4 

8 

1.1 

9 

2.1 

10 

3.2 

11 

4.5 

12 

5.9 

13 

7.4 

14 

Fig.  378.  Large  alfalfa  field  irrigated  by  means  of 
lateral  furrows  supplied  from  the  main  canal  in  fore- 
ground. The  water  is  being  turned  into  them  by  the 
canvas  dam  in  the  left  foreground. 

the  strips.  When  in  use  the  dam  is  laid  in  the 
furrow  with  the  canvas  extending  up  stream, 
the  flap  side  up,  and  the  strips  resting  across 
the  furrow.  The  bottom  and  sides  of  the  can- 


It  is  important  to  obtain  the  depth  of  the 
water  by  measuring  from  its  surface,  not  di- 
rectly over  the  notch  but  some  distance  back 
of  it  because  the  water  surface  will  slope 
downwards  as  the  weir  is  approached  from  up- 
stream, because  of  the  velocity  of  the  water 
as  it  runs  over  the  weir.  The  weir  is  usually 
placed  just  below  the  head  gate  and  thus 
measures  the  total  intake.  Its  construction 
is  so  simple  and  cheap  that  it  can  be  used  in 
any  number  to  check  up  water  quantities. 

The  canvas  dam.  It  is  convenient  to 
have  a movable  arrangement  with  which 
to  dam  up  a ditch,  and  to  meet  this  need  the 
canvas  dam  has  proved  very  satisfactory; 
it  may  be  moved  along  a ditch  or  transferred 
to  another  at  will.  It  consists  of  a canvas 
square  large  enough  for  the  ditch,  and  usually 
about  4 feet  on  a side.  One  edge  of  this  is 
tacked  between  2 wooden  strips  which  pro- 
ject a foot  or  two  on  either  side  so  as  to  rest 
over  the  edge  of  the  ditch.  Near  the  top  edge 
of  the  canvas  and  just  below  the  strips,  in  the 
centre  of  that  edge  of  the  canvas,  is  an  open- 
ing, perhaps  8 inches  square,  covered  with  a 
canvas  flap  one  edge  of  which  is  held  between 


vas  are  loaded  with  earth  to  hold  them  down. 
Thus  placed  it  effectually  blocks  the  furrow 
and  raises  the  water.  By  means  of  the  flap 
and  opening,  the  level  can  be  fairly  well  regu- 
lated. 


Sometimes  a flat  piece  of  thin  metal  with  a 
handle  on  one  side,  or  a contrivance  of  2 pieces 
hinged. 


with  han- 
dles on 
each  (Fig. 
146,  Vol. 
II)  is  used 
as  a dam; 
for  small 
furrows 
either  is 
quite  sat- 
isfactory. 


Fig.  379.  Wing  dams  for  tapping 
large  stream,  a , longitudinal,  6,  cross 
stream  type. 


Wing  dams.  For  the  extensive  use  of 
water  from  large  streams,  some  convenient 
method  of  tapping  the  stream  has  been  found 
necessary.  The  usual  plan,  if  the  level  of  the 
stream  is  to  be  raised  only  a few  feet,  is  to 
build  a wing  dam  of  either  the  longitudinal 
or  cross-stream  type.  A point  is  picked  out 
where  the  greatest  fall  of  the  stream 


1G.  377.  A hillside  orchard  terraced  so  that  the  beddii 
be  used,  three  or  more  lateral  ditches  being  run  along 


iv2'# 

^ if 

occurs,  and  a dam  is  built  parallel 
with  the  shore  from  the  head  of  the 
fall  down  to  the  entrance  to  the 
irrigation  canal.  Below  this  en- 
trance the  dam  curves  to  shore. 
This  kind  of  dam  may  be  simply 
built  and  forms  a sort  of  flume  in 
which  the  level  of  the  water  along 
approximately  its  entire  length  is 
the  same  as  at  the  flume  intake. 
It  is  not  always  essential  that  it  be 
absolutely  tight.  Often  an  earth 
and  stone  dam  is  sufficient. 

Where  the  fall  is  more  rapid  the 
cross  stream  wing  dam  is  used. 
This  is  a simple  dam  extending 
straight  out  into  the  stream,  the 
canal  entrance  being,  of  course,  up 
stream  from  the  dam.  Such  a dam 
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Fig.  380.  A canvas  dam  in  detail  and  in  place.  The 
water  reaching  it  will  be  forced  to  overflow  the  ditch 
on  the  lower  side. 


must  be  very  strongly  built  if  the  stream  is 
very  large. 

Ditch  drops.  To  lower  the  water  in  a ditch 
without  senous  erosion  of  the  soil  is  a special 
problem  on  steep  hillsides,  and  has  been 
solved  by  the  use  of  a series  of  wooden  steps 
within  a flume.  At  both  ends  of  the  flume, 
the  sides  are  flaring  to  the  width  of  the  ditch, 
the  step  part  of  the  flume  being  narrow  to  save 
lumber  and  to  give  strength  to  the  construc- 
tion. The  flare  at  the  discharge  end  must  be 
sufficient  to  let  the  water  out  without  great 
velocity  into  the  lower  ditch  which,  other- 
wise, would  be  deepened  considerably  at 
that  point  by  the  action  of  the  water. 


Division  boxes.  Where  the  side  branches 
or  laterals  join  any  main  canal  or  ditch,  the 
water  is  apt  to  wear  away  the  corner  of  the 
outlet  as  it  turns  sharply  from  the  direction 
of  the  canal  to  the  lateral.  At  such  places 
division  boxes  should  be  placed,  the  ditches 
lined  with  boards  and  regulating  gates  placed 
at  each  opening.  The  wooden  flume  should 


always  extend  a considerable  distance  down 
stream  from  the  gate  to  provide  for  times  when 
the  gate  is  opened  under  a considerable  head 
of  water.  Under  these  circumstances  the 
water  would  rush  with  high  velocity  from  the 
partially  opened  gate  and  very  seriously 
affect  any  type  of  earth  conditions. 

Water  gates.  A single  gate  should  be  used 
wherever  water  is  diverted  or  enters  any  ranal 
of  size.  The  construction  should  be  perma- 
nent. A good  type  is  a simple  panel  sliding 
vertically  between  strips  on  the  inside  of  the 
flume.  The  gate  should  be  loose,  and  di- 
rectly above  it  there  should  be  some  construc- 
tion to  hold  the  gate  up  at  varying  openings. 
With  gates  of  any  considerable  size,  arrange- 
ments must  be  made  for  some  mechanical 
device  to  aid  in  lifting  them  as  the  pull  re- 
quired on  a gate  having  even  8 or  10  square 
feet  exposed  to  a head  of  several  feet  of  water 
is  very  considerable. 

Reservoir  storage.  The  importance  of  a 
regulating  reservoir  is  not  generally  admitted. 
The  necessity  in  irrigation  where  the  supply 
of  water  is  limited  can  be  very  well  pointed 
out.  In  the  case  of  a small  spring  making 
available  only  2 quarts  per  second,  saturating 


Fig.  382.  Rubble  stone  storage  reservoir  in  pr  cess 
of  construction 


the  surface  and  being  drained  away  by  the 
subsoil,  all  the  water  it  supplies  may  be 
readily  taken  up  by  the  soil  around  about 
within  50  yards.  By  arresting  this  flow  and 
accumulating  it  in  a reservoir,  there  may  be 
stored  in  24  hours  about  43,200  gallons  of 
water,  equivalent  to  one  quart  for  each  square 
foot  over  4 acres;  a week’s  storage  would  be 
sufficient  to  supply  12  acres  with  the  equiva- 
lent of  an  incn  of  rainfall.  This  indicates 
clearly  the  importance  of  the  conservation  of 
water  in  every  step  of  irrigation  from  the  in- 
take to  the  drainage  canal.  It  also  points 
out  the  reason  for  considering  the  use  of 
drainage  water  from  upper  levels  to  be  dis- 
tributed on  the  lower  fields.  Every  tiny 
stream  is  valuable  in  this  type  of  work. 
Continuous  flow  is  far  more  essential  than 
volume  in  every  phase  of  the  work. 

Constructing  ditches.  Large  ditches  are 
best  made  with  the  scraper,  after  plowing. 
The  land  is  plowed  deeply  along  the  direction 
of  the  furrow  so  as  to  make  it  workable. 
The  scraper  is  used  across  the  direction  of  the 
ditch,  starting  on  one  side,  traveling  down  the 
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PRICES.  WEIGHTS  AND  COST  OF  TILE  LAYING: 


exception,  perhaps,  that  in  drainage  opera- 
tions, very  special  care  must  be  taken  in  es- 
tablishing and  completing  the  grade  or  slope 
of  the  drains. 

Subirrigation  methods  follow  those  of 
drainage  except  as  to  depth  of  laying.  There 
are  4 distinct  steps:  (a)  Laying  out  the  direc- 
tion and  slope  of  lines;  (b)  digging  the  ditch; 

(c)  laying  the  tile  and  making  connections; 

(d)  filling  the  ditch. 

The  first  step  should  include  making  a 
sketch,  however  rough,  of  the  job  complete 
as  planned.  This  sketch  should  be  kept  cor- 
rectly, and  as  fast  as  any  changes  are  decided 
upon,  they  should  be  plainly  marked  with 
distances  and  other  data  and  filed  for  future 
reference  as  to  the  location  of  the  lines. 

The  ditch  can  be  dug  with  the  plow,  the 
depth  being  usually  between  1 and  2 feet 
below  the  surface.  The  grade  should  be  well 
established  with  the  level  and  should  not  be 
more  than  15  or  20  inches  per  1,000  feet.  The 
tile  is  laid  in  the  ditch,  with  broken  joints 
perhaps  a quarter  of  an  inch  wide.  Each  joint 
can  well  be  covered  with  a piece  of  stone  or 
broken  tile  before  the  earth  is  carefully 
shoveled  back  and  the  ditch  filled. 


Fig.  383.  Wooden  division  box  used  to  divert  the 
water  from  a main  canal  to  a lateral  without  cutting 
away  the  banks.  (Farmers’  Bulletin  864.) 


dip  of  the  furrow  and  up  the  other  side  where 
the  material  is  placed  as  an  embankment. 
The  depth  of  the  ditches  is  usually  made  about 
one  sixth  the  width,  the  depth  being  meas- 
ured from  the  original  surface  of  the  land. 
Of  course,  the  embankment  adds  considerably 
to  the  finished  and  usable  depth  of  the  ditch. 
A canal  10  feet  wide  is  thus  about  1 J feet  deep 
at  the  centre  below 
the  original  land 
level;  a ditch  3 feet 
wide  is  perhaps  6 
inches  deep. 

Thesmaller  ditches 
are  often  made  di- 
rectly with  a listing 
plow  having  a double 
moldboard  which 
throws  the  earth  out 
on  both  sides.  One 
or  two  passes  usually 
gives  depth  enough. 
To  finish  such  a ditch, 
an  A-shaped  scraper 
may  be  run  through 
* it.  This  scraper  is 
made  of  two  2-inch  planks  fastened  together 
at  one  end  and  braced  apart  at  the  other. 

On  a hillside,  the  ditches  should  be  exca- 
vated in  such  a manner  that  all  the  earth  is 
thrown  out  on  the  lower  side;  this  is  usually 
necessary  in  order  to  utilize  the  full  cut. 

Drainage  and  Subirrigation 

A method  of  subirrigation  practised  to 
some  extent  consists  in  laying  tile  with 
broken  joints  in  a manner  similar  to  that  fol- 
lowed in  drainage  operations.  Water  is  sup- 
plied to  and  leaks  out  through  the  joints  for 
distribution.  On  the  other  hand,  low  lands 
and  fields  with  a dense  subsoil,  yet  requiring 
irrigation,  frequently  need  proper  under- 
drainage  to  keep  the  ground  water  level  down 
and  to  prevent  a surplus  moisture  supply  from 
turning  the  fields  into  swamps.  In  laying 
tile  for  drainage  or  for  subsurface  irrigation, 
similar  precaution  must  be  taken  with  the 


Fig.  383a.  Long  ditch 
drop  passing  under  road  in 
foreground. 


Fig.  384.  Wooden  water  gate.  Note  apron  at  front  end 
which  is  sunk  in  the  soil  to  prevent  excessive  erosion.  A 
smaller  one  should  be  affixed  to  the  opposite  end.  (U.  S. 
Dept.  Agr.  Bulletin  115.) 


DIAM- 

ETER 

PRICE  PER 
1,000  FT. 

COST  OF 
LAYING 
TR  ROD 

3 FT. 
DEEP 

WEIGHT 
PER  FT. 
POUNDS 

AVERAGE 

CARLOAD 

4 inch 

$ 22.00 

$0.36 

6 

6,500  ft. 

5 44 

32.00 

.36 

8 

5,000  44 

6 44 

43.00 

.36 

11 

4,000  44 

7 44 

55.00 

.38 

14 

3,000  44 

8 44 

75.00 

.44 

18 

2,400  44 

10  44 

100.00 

.50 

25 

1,600  44 

12  44 

150.00 

.55 

33 

1,000  44 
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Spray  or  Overhead  Irrigation 

The  mechanical  problem  in  applying  water  by  the  spray  system  involves  a 
number  of  points,  for  example:  (1)  A minimum  of  labor;  (2)  breaking  the  water 
up  mto  drops  fine  enough  so  that  they  will  not  injure  plants  or  pack  the  soil;  (3) 
uniformity  of  application;  (4)  perfect  control  of  the  water  at  all  times;  and  (5) 
a minimum  of  expense  for  equipment.  As  a result  of  the  efforts  of  inventors  and 
manufacturers  to  achieve  these  ends,  3 distinct  types  of  irrigation  > ^ _ 
equipment  have  been  developed — the  nozzle  line,  the  rotary 
sprinkler  and  the  stationary  sprinkler. 

The  first  consideration  in  irrigation 
equipment  is,  of  course,  the  water 
supply.  This  is  most  commonly  a 
running  stream.  In  using  this  source 
of  supply,  the  first  step  is  to  provide 
means  by  which  to  make  sure  that  the 
water,  before  it  gets  into  the  main  sup- 
ply line,  is  free  from  sand,  mud,  or  other 
impurities  which  might  clog  up  the 
system.  There  are  strainers  in  the  pipes 


Fig.  386.  Lengthwise  section  and  (above) 

section  of  homemade  strainer  with  which  to  obtain  dean 
water  for  spray  irrigation.  A,  suction  pipe  to  pump;  B, 
locknut  to  hold  strainer  on  pipe;  C,  end  pieces;  D,  iron 
brace  rods  and  nuts;  E,  wooden  braces  to  hold  lengthwise 
bars  (H);  F,  heavy  galvanized  wire  screen  tacked  to  H ; 
G,  perforated  sheet  brass  tacked  and  soldered  in  place 
around  wire  netting. 


“S' 

Fig.  385.  Increasing  the 
efficiency  of  a strainer  by 
sinking  it  in  a wooden  or  con- 
crete box  of  sand  and  covering 
with  a sheet  of  canvas  or 
burlap  (BB). 


at  the  beginning  of  each  distribution  line,  but  these  can 
be  counted  upon  to  take  out  only  a comparatively  small 
amount  of  impurities;  otherwise  they  would  themselves 
clog  up  so  quickly  as  to  require  frequent  cleaning.  The 
most  convenient  way  of  cleaning  the  water  is  to  strain  it 
at  the  source  of  supply.  A fine  perforated  brass  “foot 
strainer,”  may  be  used,  but  this  has  not  sufficient  area 
under  most  conditions,  and  consequently  has  to  be  cleaned 
too  frequently.  An  inexpensive  strainer  may  be  con- 
structed easily  as  shown  in  Fig.  386.  If  a small 
stream  is  to  be  used,  it  will  probably  be  necessary  to  dam 
it  and  to  make  a reservoir  to  store  the  water  for  use  in 
Even  if  the  flow  of 

fo  fi  iserroir  _ 


V-'-V 


Bafteru  oF  * 1 
Driven  hVeris  ' 


drought  periods. 

the  stream  is  sufficient  to  furnish  the 
water  required  to  supply  the  crops  for, 
say,  a week’s  time,  it  may  not  be  suf- 
ficient to  keep  up  with  the  demands 
when  the  system  is  in  operation.  The 
water  reserve  should  be  big  enough  to 
supply  the  pump  at  full  capacity  for  8 
or  10  hours’  run.  If  water  is  scarce,  it 
may  be  necessary  to  put  in  a concrete 
reservoir  that  will  prevent  waste  by 
leakage  and  drainage. 

Fig.  385  shows  a method  of  straining  the  water  by  the  use  of  sand  in  addition 
to  the  wire  strainer.  This  may  be  necessary  in  shallow  streams  with  fine  sedi- 
ment or  slime  on  the  bottom.  From  ponds,  it  is  usually  not  so  difficult  to  get  a 
supply  of  water  already  clean  enough  to  use.  The  water  from  driven  artesian 
wells  is  usually  clean.  Water  from  a battery  of  shallow  driven  wells  which 
would  not  be  sufficient  to  meet  the  pumping  capacity  of  the  plant  may  be  col- 
lected and  stored  in  a reservoir  at  a slightly  lower  level.  (Fig.  387.)  Or  water 
may  be  lifted  by  a ram  and  stored  in  a cistern  or  tank  of  suitable  size  for  use 
when  needed. 


Fig.  387.  How  a battery  of  driven  wells  may  be  con- 
nected up  to  provide  an  increased  supply  of  water 
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Water  Pressure 

To  operate  successfully  any  one  of  the  sys- 
tems of  overhead  irrigation  the  water  should 
be  under  considerable  head  or  pressure,  from 
30  to  60  pounds  per  square  inch  for  the  nozzle 
line  type,  and  20  to  80  pounds  for  the  spray 
and  rotary  sprinklers,  according  to  conditions. 
The  amount  of  water  which  will  be  recpiired 
should  be  accurately  figured  out,  as  this  will 
form  the  basis  upon  which  to  determine  the 
size  of  the  main  supply  line  and  the  ca- 
pacity of  pump  and  engine  or  tank  and  eleva- 
tion as  the  case  may  be.  If  water  will  be  re- 
quired once  a week  at  the  driest  season,  the 
pumping  outfit  should  be  capable  of  supply- 
ing water  for  about  one-fifth  of  the  total  area 
to  be  irrigated  every  working  day. 

Where  conditions  are  sudh  that  a reservoir 
or  tank  can  be  established  without  much  cost, 
it  may  be  cheaper  to  install  a ram  to  elevate 
the  water  automatically  rather  than  to  put  in 
a pumping  outfit.  Us- 
ually,  however,  it  is  /V 
not  possible  to  get  X > _ 
sufficient  elevation  | ^ 
without  going  too  far  I ; 

from  the  tract  to  be  * 

irrigated.  One  may  FIG.  389.  A ram  and  eleva 
estimate  roughly  on  a to  get  the  nec 

little  less  than  half  a 

pound  pressure  for  every  foot  of  elevation  or 
fall — that  is  the  difference,  in  a vertical  line, 
between  the  tract  to  be  irrigated  and  the 
water  supply.  / 

For  systems  of  moderate  size — requir-  / 

ing  up  to  100  gallons  or  so  per  minute  for  £ 
all  the  lines  it  will  be  necessary  to  oper- 
ate at  one  time,  the  one-cylinder,  double- 
action pump,  with  a good  capacity  air  I 

chamber,  will  usually  be  the  most  satis-  ft 

factory.  The  importance  of  the  air 
chamber  is  that  it 

equalizes  the  pulsa-  ^ i ^ 

tions  or  variations  in 

the  water  pressure  be-  °/7 

tween  strokes,  so  that  / 

practically  an  even  LJ  iaBmX 

pressure  is  main-  fiiiiHHIlHlI 

tained.  A centrifugal  \ fjf  /JnV  % 

pump  may  be  used 

where  conditions  are  Jg 

suitable;  it  costs  con-  3)1  ™ 

siderably  less  for  the 

same  capacity.  Either 

type  of  pump  used  — 15 

may  be  either  belt  or  ,o 

gear  driven,  or  con- 

nected  direct  to  the 

engine.  However, 

when  the  double- 

action  pump  is  gewed  ^ .390.  a doubie-oct 
direct,  there  should  be  the  preferred  type  for  irrigat 
a check  valve  or  by-  conditions.  1,  Air  chambei 
pass  set  to  open  at  a 

suitable  pressure  so  gland,  (u.  s.  Dept.  Agr.  E 


Fig.  389.  A ram  and  elevated  storage  tank  can  be  used 
. to  get  the  necessary  pressure 


Fig.  388.  A centrifugal  pump  connected  directly  to 
an  electric  motor  is  efficient  and  inexpensive  for  lifts 
of  less  than  forty  feet.  1,  Discharge  pipe;  2,  suction  pipe; 
3,  pump  case;  4,  stuffing  box;  5,  coupling;  6,  motor;  7. 


that  if  all  lines  are  turned  off,  or  if  anything 
happens  to  check  the  system  while  the  pump 
is  in  operation,  there  will  be  no  breakage  in 
the  machinery.  There 
Tank  H should  also  be  a check 

valve  in  the  main  line 
tyrj  !{  just  above  the  pump 

#44  to  hold  the  water  be- 

/rr-A\  tween  the  times  when 

If  1 the  system  is  in  oper- 

| ation,  and  a foot  valve 

on  the  suction  pipe, 
or  some  other  conven- 
ed storage  tank  can  be  used  ent  arrangement  for 
Bsary  pressure  priming  the  pump 

when  starting  it. 

Pump.  The  type  of  engine  used  is  not  raa- 


Fig.  390.  A double-acting  displacement  pump  is 
the  preferred  type  for  irrigating  a few  acres  under  average 
conditions.  1,  Air  chamber:  2,  discharge;  3,  light  and 
loose  pulleys;  4,  valve  chamber:  5.  cylinder;  6.  gear;  7. 
connecting  rod;  8,  suction  opening;  9 base;  10,  packing 
gland.  (U.  S.  Dept.  Agr.  Bulletin  496.) 


Pump.  The  type  of  engine  used  is  not  raa- 
jrial,  but  it  should,  of  course,  be  one  that 
delivers  power  economically  and 
is  capable  of  running  for  a long 
time  with  little  attention,  for  a sys- 
— -w  tem  may  be  in  operation  on  one 

field  or  crop  for  from  1 to  12  hours. 
Since  in  times  of  severe  drought, 
1 it  may  be  necessary  to  operate  the 
system  almost  continuously  night 
and  day,  it  is  always  advisable  in 
installations  of  any  size  to  have  an 
— a auxiliary  pumping  outfit  that  can 
; sfc 5 handle  at  least  part  of 

^3 — A the  work  if  anything 

" dr  happens  to  the  main 

X pump.  Many  instal- 
i&tions  have  both  a gas 
/ C\P(\  //{%  engine  and  an  electric 

\//\  \|  motor;  where  a system 
I | is  extended  and  a 
((Cftt**  /I  larger  pump  put  in, 
It  the  old  one  is  usually 
('tT/  / kept  as  an  auxiliary. 

Main  or  supply 
pipes.  The  next  con- 
- '5  sideration,  is,  of 

• >j  course,  the  distribu- 

Q tion  of  the  water  to 

the  field  or  fields  where 

displacement  pump  is  j*  » wanted  *<>r 
i few  acres  under  average  The  system  of  mains 
, discharge;  3,  light  and  or  supply  pipes  should 

pSktai  **  worke^  out  c&r&m 
tm’495.)  * fully  so  that  the  small- 
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est  possible  amount  of  the  larger 
sized  pipes  need  be  used;  at  the 
same  time,  sufficient  water  and 
pressure  at  every  point  where  it  is 
wanted  must  be  assured.  Table, 
below,  gives  the  amounts  of  water 
carried  m different  sizes  of  pipes. 

There  should  be  an  expansion 
joint  in  the  main  line  to  take  care 
of  expansion  and  contraction  of 
pipe  as  a result  of  temperature 
changes. 

If  there  is  much  sand  or  sedi- 
ment in  the  water,  in  spite  of  the 
strainer  at  the  source,  there  should 
also  be  a “trap”  or  “bucket 
strainer”  in  the  main  line.  Of 
course,  sharp  angles  and  numerous 
bends  should  be  avoided  as  much  as  possible 
as  they  greatly  increase  the  friction  of  the 
water  in  the  pipes.  Unless  the  whole  pipe 
line  is  down  below  danger  of  frost,  it  should  be 
laid  to  a slight  grade  so  that  it  can  be  drained 
out  clean  in  the  fall  at  convenient  points.  Of 
course,  the  size  of  the  main  line  may  be  de- 
creased as  branches  or  laterals  for  irrigating 
are  taken  off  it.  Valves  should  be  placed 
wherever  there  are  branches  and  at  other  con- 
venient points  for  controlling  the  water. 


The  standard  distance  between  the  lateral 
lines  for  the  nozzle  line  system  is  60  feet. 
If  water  has  to  be  used  at  less  than  30  pounds 
pressure,  they  may  be  placed  nearer  than  this; 
and  under  higher  pressure  they  may  be 
placed  as  far  apart  as  66  feet.  The  length  of 
the  nozzle  lines  may  be  anything  that  will 
suit  conditions;  600  feet,  however,  has  been 
found  a desirable  maximum  length  in  large 
installations.  The  distributing  nozzles  are 

g laced  2 to  4 feet  apart  along  the  nozzle 
ne;  3 feet  is  the  standard  distance. 


Equipment  for  Distribution 

Each  of  the  systems  of  spray  irrigation- 
nozzle  line  stationary,  and  rotary  sprinkler — 
and  each  of  their  various  modifications,  re- 
quires a system  of  laterals  or  small-sized  branch 
pipes  running  off  from  the  main  supply  line  at 
right  angles  to  feed  the  nozzles  or  sprinklers 
that  distribute  the  water  over  the  soil. 

Laterals.  In  the  nozzle  line  type,  these 
lateral  lines  must  be  above  the  soil.  They 
are  placed  at  from  a few  inches  to  10  feet  or 
so  above  the  ground;  the  usual  height  is  6 to 
7 feet.  The  laterals  for  the  sprinkler  types 
may  be  placed  either  above  or  below  the 
ground.  Usually  they  are  put  below,  be- 
cause this  plan  is  easier  and  keeps  the  pipes 
more  out  of  the  way.  Vertical  pipes  or 
risers  are  distributed  at  the  proper  intervals, 
and  at  the  tops  of  these  the  sprinklers  are 
placed. 


TABLE  1— AMOUNT  OF  WATER  FOR  SPRAY 
IRRIGATION  DIFFERENT  SIZES  OF 
STRAIGHT  IRON  PIPE  WILL  CARRY 
WITHOUT  EXCESSIVE  FRICTION 


DIAMETER 

QUANTITY 

DIAMETER 

QUANTITY 

OF 

PER 

OF 

PER 

PIPE 

MINUTE 

PIPE 

MINUTE 

Gallons 

Gallons 

| inch  . . 

1 to  2 

3 inches  . 

75  to 

125 

} inch  . . 

3 to  4 

3}  inches. 

125  to 

175 

1 inch  . . 

5 to  8 

4 inches  . 

175  to 

250 

1}  inches  . 

9 to  16 

5 inches  . 

250  to 

400 

1$  inches  . 

17  to  25 

6 inches  . 

400  to 

600 

2 inches 

25  to  45 

7 inches  . 

600  to 

900 

2\  inches  . 

45  to  75 

8 inches  . 

900  to  1,200 

Fig.  391.  Underground  laterals  and 
fittings  for  stationary  nozzle  spray  sys- 
tems. A,  main  feed  pipe;  C,  cross  in 
feed  pipe;  D,  drain  cock  or  plus;  H, 
sprinkler  heads  or  nozzles;  L,  lateral  pipe 
lines;  M,  unions;  N.  nipples;  S,  stand- 
pipes; T,  tees;  V,  brass  gate  valves. 


The  nozzle  line  may  be  either  supported 
upon  posts  or  suspended  from  overhead 
cables.  The  latter  system  leaves  the  ground 
much  clearer  for  working,  there  being  only 
a few  posts  to  the  acre;  but  it  is,  of 
course,  more  expensive.  For  commercial 
installations,  either  cedar  posts  or 
second  hand  iron  pipe  posts  set  in  con- 
crete are  usually  used.  The  supporting 
posts  are  set  at  intervals  of  16  to  20  feet 
according  to  the  size  of  the  pipe  used 
for  the  nozzle  line  (see  Table  2,  p.  267). 
To  facilitate  the  turning  of  long  nozzle 
lines,  roller-bearings  or  other  supports 
are  set  on  top  of  the  posts  or  suspended 
from  overhead  cables. 

Usually  a valve  is  placed  on  each 
lateral  near  the  main  feed  pipe  so  that 
its  flow  can  be  controlled  as  a unit.  In 
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TABLE  2— SIZES  OF  PIPE  FOR  MAIN  SUPPLY 
LINE 

LENGTH  OP  LINE  IN  FEET 

FLOW — 

(GALS-  PER  MIN.)  50  I 100  I 200  I 400  I 600 


the  nozzle  line  equipment,  a device  called  a 
“turning  union”  (Fig.  393 ) is  installed  at  the 
beginning  of  each  nozzle  line.  This  contains  .Fig.  394.  Three  of  sprinklers  for  the  upright 
artndne?  and  has  a hollow  pipe  handle  to  be  gg -J 1 "d  rotary  type;  c’ 8tatlonary'  xmst' 
used  in  turning  the  nozzle  line  from  one  side 
to  the  other.  By 

removing  the  cap  table  3— sizes  of  pipe  for  nozzle  lines  with  nozzles  4 feet 
from  this  handle  apart,  if  closer,  larger  pipe  is  required 


and  turning  the 
water  on,  loose 
scale,  sand,  etc., 
can  be  flushed  out 
of  the  strainer 
chambers. 

With  the  rotary 
sprinkler  type  of 
irrigation,  where 
the  individual 
sprinkler  covers  a 
large  area — that  is, . 
a circle  35  to  90 
feet  in  diameter — 
the  price  of  the 
equipment  may  be 
lessened  consider- 
ably by  getting 


only  as  many 

sprinklers  as  may  be  operated  by  the  system 
at  one  time.  By  having  caps  on  the  risers, 
these  sprinklers  may  be  changed  from  one  sec- 
tion of  the  field  to  another,  wherever  most 
needed.  While  this  cuts  down  the  cost  of  in- 
stallation it  means,  of  course,  some  additional 
expense  in  operation. 


FlC.  393.  Two  types  of  handles  for  turning  the  nozzle 
pipe  lines 


Portable  Sprinkler  Systems 

In  small  gardens,  and  for  the  occasional 
irrigation  of  field  crops  during  extreme 
drought,  it  is  often  desirable  to  irrigate,  al- 
though a permanent  installation  would  be  ob- 
jectionable or  would  involve  too  heavy  an 
investment.  The  nozzle  line  systems  may 
be  bought  in  portable  form  as  complete  as- 
sembled units.  By  the  use  of  special  lever 
couplings,  it  is  possible  to  put  a nozzle  line 
system  up  in  sections  so  that  it  can  readily 
be  dismantled  and  re-assembled  in  exactly 
the  right  positions.  Portable  posts  may  be 
used  or  short  temporary  posts  may  be  driven 
in  the  field.  An  extension  to  the  main  pipe 
line  can  be  made  either  under  ground  or,  if 
wanted  only  temporarily,  by  laying  the  pipe 
along  the  ground.  With  a sprinkler  system, 
laterals  and  risers  for  the  temporary  work 
may  be  supplied  and  the  sprinklers  borrowed 
from  the  regular  installation,  or  some  addi- 
tional ones  may  be  kept  on  hand  for  this  pur- 
pose. Temporary  extended  use  of  a system  in 
this  way,  often  means  crop  insurance,  and 
as  the  pumping  plant  and  main  supply  line 
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are  already  in  use,  it  may  frequently  be  ac- 
complished at  a very  low  cost  per  acre. 

Automatic  Turning  Devices 

While  small  systems  of  the  nozzle  line  type 
are  usually  operated  by  hand,  it  is  possible  to 
provide  for  the  automatic  operation  of  the 
system  by  mechanical  turning  devices.  These 
are  of  two  types:  (1)  a gear  system  operated 
by  a belt  from  the  pumping  engine,  and  (2) 


a form  of  water  motor  or  tilting  device  oper- 
ated by  the  flow  of  water  on  its  way  to  the 
distribution  lines.  The  advantage  of  an 
automatic  turning  system  of  this  land  is  not 
merely  in  the  saving  of  labor  but  also  in  the 
fact  that  the  distribution  is  usually  much 
more  even  than  can  be  or,  at  least,  usually  is, 
obtained  by  hand  turning.  More  water  can 
be  applied  without  saturating  the  surface  of 
the  soil,  as  the  application  at  any  particular 
point  is  more  gradual. 


TABLE  NO.  4— SHOWING  NUMBER  OF  GALLONS  OF  WATER  REQUIRED  TO  COVER  AN  ACRE  AND 
TIME  REQUIRED  TO  APPLY  THEM,  USING  THE  STANDARD  NOZZLES  NOS.  1 AND  2. 
SPACED  4 x 54  FEET  APART,  OR  200  NOZZLES  TO  THE  ACRE 

NO.  1 NOZZLE 


POUNDS  PRESSURE 

10 

15 

20 

25 

30 

35 

40 

45 

50 

FEET  ELEVATION 

23.1 

34.7 

46.2 

57.8 

69.3 

80.9 

94.2 

104 

115.5 

One 

Acre 

1-inch 

Deep 

27,152 

Gal. 

18 

15 

13 

11 

10 

9 

9 

8 

8 

Horn 

51 

17 

18 

54 

52 

42 

B 

54 

26 

Min. 

One 

Acre 

1-inch 

Deep 

13,576 

Gal. 

9 

B 

5 

4 

1 

4 

B 

Horn 

26 

39 

39 

57 

26 

51 

42 

27 

13 

Min. 

NO.  2 NOZZLE 


POUND  PRESSURE 

10 

15 

Q 

30 

35 

40 

45 

50 

FEET  ELEVATION 

23.1 

34.7 

57.8 

69.3 

80.9 

94.2 

104 

115.5 

One 

Acre 

1-inch 

Deep 

27,152 

Gal. 

15 

12 

10 

9 

8 

8 

B 

B 

B 

Hours 

18 

26 

49 

40 

50 

10 

37 

12 

D 

Min. 

One 

Acre 

1-inch 

Deep 

13,576 

Gal. 

B 

6 

5 

4 

4 

4 

3 

3 

3 

Hours 

39 

13 

25 

50 

25 

5 

48 

36 

26 

Min. 

Fig.  395.  Hand  drill  for  boring  nozzle  boles 
in  horizontal  pipe  line.  These  must  be  in  a 
perfectly  straight  line  and  of  uniform  size. 


Installing  a system.  If  the  work  of  installing  a system 
is  to  be  done  in  a hurry — as  frequently  occurs — it  may  be 
begun  from  both  ends.  However,  the  installation  of  pump, 
strainer,  engine  and  so  forth,  usually  represents  the  longest 
part  of  the  job  and  should  be  attacked  first. 
Second,  the  main  supply  line  into  the  various 
fields  should  be  assembled  and  put  into  per- 
manent position,  care  being  taken  to  knock 
off  scale,  etc.,  on  each  length  of  pipe  before 
it  is  put  in  place,  and  to  use  red  lead  (on  the 
thread  ends  of  the  lines  only)  in  making  up 
the  joints.  The  main  pipe  should  be  so  dis- 
tributed through  the  various  fields  that  the 
nozzle  lines,  as  suggested  above,  will  not  be 
over  600  feet  in  length.  These  and  risers  for 
the  nozzle  lines  being  put  in  place,  the  exact 
positions  for  the  lines  of  post  may  be  deter- 
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ment Is  Largely  in  the  Farmer’s  Hands 
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The  farmhouse  needs  light,  air,  shade,  and  protection;  sc  does  the  garden.  Note  how  the  needs 

are  here  supplied  for  both 


The  farm  should  centre  around  its  main  feature.  Here  this  is  clearly  the  dairy  herd 


The  Well-planned  Farmstead  Places  all  Related  Fields  and  Buildings  as  Near 
Together  as  Possible  and  the  Dwelling  in  a Convenient  Location  with  Respect  to  All 
of  Them 
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mined  and  the  posts  put  in  place.  The  nozzle  lines  themselves  may  now  be 
assembled,  and  drilled  and  tapped  for  the  nozzles.  One  of  the  most  important 
points  in  the  installation  is  to  make  the  holes  for  the  nozzles  at  regular  intervals 
and  in  an  exact,  straight  line,  along  the  shell  of  the  pipe.  Otherwise  the  distribu- 
tion of  water  will  not  be  even.  This  alignment  is  accomplished  by  the  use  of  a 
special  drilling  machine,  so  constructed  that  it  can  be  clamped  to  the  pipe  rigidly, 
the  exact  position  wanted  being  determined  by  a small  spirit  level.  A special 
drill  bores  the  holes  and  threads  or  taps  them  at  one  operation  so  that  the  nozzles 
can  be  put  in  quite  rapidly. 

Before  inserting  the  nozzles  the  pump  should  be  nm  for  a while,  with  the  ends 
of  all  nozzle  lines  open,  to  allow  the  dirt,  scale,  etc.,  which  may  have  accumulated 
in  the  pipe,  to  be  washed  out. 


Fig.  396.  Nozzles  in  different  lengths  of  pipe 
line  must  be  kept  in  line;  and  the  way  to  accom- 
plish this  is  by  means  of  pins  and  socket  balsa 
in  the  unions  of  such  sections. 
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Fig.  397.  The  farm 
(like  the  community)  that 
makes  good  roads  and 


cares  for  them,  soon  i 
their  cost  out  of  its 
increased  profits. 


CHAPTER  24 

The  Building  and  Care  of  Farm  Roads 

By  Curtis  Hill,  City  Engineer  of  Kansas  City , Mo.,  since  1919,  but,  in  spite  of  his  urban  ac- 
tivities, a man  with  the  training  and  the  experience  that  fit  him  to  write  of  farm  conditions.  He 
was  born  and  raised  on  a farm  in  Jackson  County,  Mo.,  attended  school  there  and  at  Independence , 
then  took  the  engineering  course  at  the  University  of  Missouri,  following  it  with  a year  in  the  En- 
gineering College  of  Cornell  University.  His  wide  practical  experience  has  included  railroad 
construction;  the  making  of  field  surveys  and  estimates  for  canal  work  for  the  Government  in  New 
York;  highway  bridge  erection  around  St.  Louis;  and  the  following  official  positions:  With  the  city 
engineering  department  of  St.  Louis  for  6 years,  State  Highway  Engineer  of  Missouri  for  6 years, 
and  the  position  he  now  holds.  He  is  a member  of  the  American  Society  of  Civil  Engineers. — Editor. 

WHEN  a good,  hard-surfaced  road  runs  by  a farm,  giving  the  farmer  means 
of  easy  access  to  central  points,  such  as  railroad  station,  village,  and  church, 
and  to  neighbors,  it  is  a further  pleasure,  comfort,  and  saving  to  have  easy  access 
from  central  points  on  the  farm  to  this  main  traveled  road.  If  it  pays  the  farmer 
to  have  a good  road  passing  the  farm  to  town,  will  it  not  also  pay,  in  some  degree, 
to  provide  means  on  the  farm  to  reach  that  main  road  with  the  same  ease  and  the 
same  sized  loads  that  he  can  haul  over  it?  A good  road  means  cheaper  trans- 
portation, whether  it  be  a "through-the-farm”  road  or  a main  county  road.  The 
through-the-farm  road  is  here  discussed  from  the  constructional  point  of  view 
only. 

Travel  on  these  roads  is  comparatively  light,  and  they  do  not  call  for  the  type 
of  construction  required  on  roads  traveled  by  many  vehicles  per  day.  This 
applies  not  only  to  a farm  road,  but  also  to  one  over  which  several  fanners 
travel,  a side  road  for  a small  community,  or  a country  lane.  Such  a road  must 
be  simple  in  construction  and  inexpensive.  A few  farms  may  need  a higher  class 
of  road;  but  the  ordinary  driveway,  as 
herein  outlined,  will  answer  every 
purpose  for  the  great  mass  of  farms. 

Furthermore,  the  limited  financial  abil- 
ity of  many  farmers  is  a condition  to 
consider.  The  higher  principles  of  road 
building,  which  is  a science,  are  left  for 
application  to  the  main  roads  and  to 
other  roads  which  many  vehicles  use 
and  where  the  demand  is  for  a better 
and  more  costly  construction. 

Kind  of  road  and  how  to  choose  it. 

The  first  step  in  building  a road  is  to 

282 


Fig.  398.  Scratching  tip  the  surface  of  a road  with  a 
heavy  spike-tooth  harrow  in  readiness  for  a new  surfacing 
and  rolling. 
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study  the  local  conditions  and  to  choose 
the  methods,  plans,  and  materials  most 
suitable  to  the  needs  and  purpose  for 
which  the  road  is  to  be  built.  No  one 
method,  plan,  or  material  will  be 
equally  adaptable  in  all  places,  but 
must  be  varied  to  suit  local  conditions. 
Use  should  be  made  of  the  natural 
material,  placed  in  a way  to  give  good 
results.  For  example,  shale  or  slate 
will  not  wear  well  in  contact  with 
wheels,  while  gravel  will.  If  there  is  a 
local  supply  of  shale  and  but  little  gravel,  the  base  of  the  roadbed  may  be  made 
of  shale  and  the  surface  of  gravel. 

Therefore,  the  determination  of  the  kind  of  road  to  build,  the  width  and  thick* 
ness  of  roadbed,  and  the  kind  of  material,  depend  upon  the  demands  of  travel  to 
be  made  upon  the  road,  the  means  for  construction,  and  the  accessibility  of  ma- 
terial. Local  conditions  should  always  govern,  whether  use  is  to  be  made  of 
natural  material  as  found  or  of  artificial  material,  that  is,  natural  material  broken 
up  or  treated.  One  section  may  not  have  material,  the  best  use  must  then  be 
made  of  earth;  in  another,  straw,  sawdust,  or  sand  may  be  mixed  with  clay  or 
gumbo;  in  still  another,  shale  or  slate  may  be  used  to  advantage.  In  some  sec- 
tions of  the  country,  near  the  coast,  shells  are  obtainable  from  which  the  road 
may  be  made;  in  others,  there  are  banks,  or  ridges,  composed  of  a chert-bearing 
soil  which  packs  hard  and  becomes  watertight  under  the  pressure  of  travel,  and 
here  the  chert  road  prevails.  A special  feature  in  many  places  is  the  gravel  or  the 
broken-rock  road.  So  that,  depending  upon  local  conditions,  we  may  have  a 
farm  road  of  any  of  the  following  materials:  earth,  straw,  sawdust,  or  sand  with 
earth,  clay,  or  gumbo;  shale;  slate;  chert;  gravel ; rock  or  other  prevailing  material. 

Equally  with  the  character  of  the  road,  the  cost  of  building,  also,  will  depend 
upon  local  conditions,  upon  the  nearness  and  quality  of  material,  width  and 
thickness  of  roadbed,  price  of  labor  and  teams,  location,  and  topography. 


Fig.  399.  This  kind  of  bridge  looks  bad  and  is 
dangerous;  it  hurts  the  farmer's  pride,  his  reputation  and 
his  pocket  book  and  may  do  him  serious  personal  injury. 


Drainage 

r 

The  three  principal  divisions  of  actual  road  making  are  location,  construction, 
and  maintenance.  With  the  exception  of  drainage,  all  details  pertain  to  one  or 
other  of  these.  Drainage  is  involved  in  all  three.  The  all-imperative,  dominant, 
and  paramount  question  is  that  of 
good  drainage.  If  there  is  not  good 
natural  drainage,  an  effective  system 
of  artificial  drainage  must  be  installed; 
for,  if  the  drainage be  not  good,  the  road 
will  not  be  good.  Drainage  may  be  con- 
veniently discussed  under  two  heads: 

(1)  surface  drains,  and  (2)  underdrains. 

Surface  drains.  Surface  drains  are  the 
open  ones,  as  crowns,  ditches,  and  culverts. 

The  object  of  the  crown  is  to  make  a drained 
roadway  for  the  travel  and  to  get  the  water 
quickly  off  this  traveled  roadway  into  the 
side  ditches.  Make  the  side  ditches  to  drain 

entirelv  off  th«  riirlitjbof-w»v  at  m»rv  nnnnr.  Fl°-  400.  This  kind  of  culvert  is  easy  and  cheap  to 
entirety  °nine  ngnra-OI-way  at  every  oppor-  build  once  built  it  h permanently  safe,  efficient  and 

tumty.  Where  a ditch  must  cross  the  road,  attractive. 
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Fig.  401.  Every  time  a fanner  drives  ovet^  an  eye- 
sore like  this  without  deciding  to  fix  it — and  then  doing 
so , he  goes  one  step  lower  along  the  road  of  carelessness, 
inefficiency  and  failure. 


take  it  under  the  roadbed  and  not  over  it, 
and  keep  it  on  the  side  of  the  road  and  not 
down  the  middle  of  it.  Side  ditches  are 
also  made  to  protect  the  roadbed  from  water 
from  adjoining  lands;  therefore,  if  the  road  be 
on  a hillside,  have  a ditch  on  the  upper  side 
of  the  road.  Culverts  are  of  sufficient  impor- 
tance to  constitute  a subject  in  themselves. 
The  cheapest  in  first  cost  are  not  always  the 
inexpensive;  for,  as  a general  rule,  the  weaker 
the  structures,  the  greater  will  be  the  cost  for 
repairs  and  maintenance.  There  are  some 
exceptions — where  ready  money  is  not  avail- 
able and  plenty  of  timber  is — where  the 
wooden  culvert  is  best;  but  one  of  metal, 
clay  tile,  stone,  or  concrete  masonry  is  more 
often  the  economical  construction. 

Make  the  culverts  long  enough  and  with 
good  head  walls  and  wing  walls,  to  throw  the 
water  into  the  barrel  of  the  culvert  and  to 
prevent  it  from  getting  through  the  road 
alongside  of  the  culvert  or  from  washing  out 
the  fill  and  sides  of  the  road.  A good  rule- 
of-thumb  method  to  determine  the  size  of 
opening  is  “1  square  foot  area  in  opening  of 
culvert  for  every  5 acres  of  drainage  area.” 
This  rule  may  be  varied  for  a smaller  culvert 
area,  if  the  country  is  flat  and  the  flow  slug- 
gish, and  may  be  increased  where  the  hills 
are  steep,  with  much  fall  to  the  branch  and  a 
rapid  run-off. 


Underdrains.  Underdrains  are  constructed 
from  2 to  4 feet  deep.  They  may  be  made  of 
buried  logs;  of  a trench  half-filled  with  stone, 
hay  or  straw  being  thrown  in  over  the  stone, 
and  the  remainder  of  the  trench  filled  with 
earth  or  gravel;  or  of  clay  tile  or  concrete  pipe; 
in  fact,  of  anything  along  or  through  whicn  the 
water  can  find  its  way  freely.  They  must  be  so 
placed  as  to  cut  off  the  underflow  in  the  ground 
before  it  reaches  the  road  surface — to  take  the 
ground  water  out  of  the  roadbed.  Roads  which 
dry  out  slowly  after  a rain,  or  in  the  spring  of 
the  year,  need  underdrainage  to  carry  out  the 
water  and  diy  them  out  more  quickly.  Wet- 
weather  springs  or  “spouty”  places  often 
occur  on  hillsides,  where  the  surface  drainage 
is  good;  but  they  never  dry  out.  Under- 
drainage is  the  proper  treatment  for  such 
places.  These  drains  may  be  made  directly 
across  the  roadway  or  laid  along  under  the 
centre  or  side,  leading  out  into  the  side  ditch 
or  a culvert  or  to  low  ground  on  one  side  of  the 
road. 

The  drainage  question  may  be  summed  up 
as  follows:  The  roadbed  must  be  protected 
from  water,  water  which  comes  up  from  be- 
neath as  well  as  that  which  falls  from  above; 
and,  in  order  to  have  a good  road,  the  water 
must  be  gotten  out , off,  and  away — out  of 
the  road  by  means  of  the  underdrains,  off 
the  road  by  means  of  the  crown,  and  away 
from  the  road  by  means  of  the  ditches. 


Fig.  402.  Stone  dam  in  a surface  road  drainage 
ditch,  built  to  stop  the  flow  of  water  and  direct  it  through 
the  culvert.  Water  should  always  cross  road  below 
the  surface. 


Location 


The  question  of  location  enters  more  largely  into  consideration  in  a country 
of  broken  topography  than  in  a level  section.  Where  the  position  is  not  deter- 
mined by  die  nature  of  the  farm  improvements,  the  choice  of  a suitable  location 
for  a road  may  eliminate  a culvert,  provide  a good  creek  crossing  or  a good  foun- 
dation for  the  roadbed,  give  good  drainage,  provide  sunshine  ana  air  for  the  road- 
bed, lower  the  construction  cost,  or  reduce  the  grades. 

The  reduction  of  grades  (not  grading)  is  a very  important  matter.  One  can 
afford  to  go  around  a hill,  rather  than  over  it,  with  a loaded  wagon.  Very  often 
“the  longest  way  round  is  the  shortest  way  home.”  The  term  “grade”  is  not 
the  cut,  or  fill,  but  is  the  rise  and  fall  in  vertical  feet  in  each  100  feet  in  horizontal 
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POUNDS  WHICH 

PER  CENT  OP  GRADE 

A TEAM 

CAN  HAUL 

' 0 per  cent,  or  level 

1 “ “ “ 1 foot  in  100  feet  . 

4,000 

3,600 

2 2 feet  “ 44  “ . 

3,240 

g it  K « 0 M H M H 

2,880 

^ II  |f  II  ^ II  II  II  « 

2,160 

5 4.  4.  .4  g 44  44  4.  4.  | 

1,600 

10  44  44  44  10  44  44  44  44 

1,000 

Img.  4u3.  How  grade  affects  the  load  that  can  be 
hauled.  This  is  on  a smooth,  hard  road;  on  dirt  the 
ratio  is  slightly  less.  Thus  what  one  horse  could  pull 
on  a level  country  road,  would  take  two  on  a 5- per-cent, 
three  on  a 10-per-cent,  and  four  on  a 15-per-cent  grade. 
(International  Harvester  Co.) 


length  of  road.  This  is  spoken  of  as 
the  "percentage  of  grade”  and  is  based 
on  the  100-foot  length.  Therefore,  a 
2-per-cent  grade  is  one  of  2 feet  rise  or 
fall  in  each  100-foot  length.  A 5-per-cent  grade  (up)  is  a rise  of  5 feet  in  100 
feet,  or  25  feet  rise  in  500  feet.  The  accompanying  table  shows  the  importance 
of  a grade  (steepness)  to  traffic  and  the  additional  force,  or  pull,  required  by  a 
team  on  different  grades. 


Construction 


Under'the  head  of  construction  is  included  the  work  of  actually  building  the 
road,  such  as  grading,  ditching,  culverting,  hauling,  and  placing  the  material. 

The  farmer,  of  course,  is  more  or  less  confined  to  the  class  of  tools  and  imple- 
ments available  on  his  farm ; but,  if  he  has  much  road  work,  he  will  save  both  time 

and  money  by  obtaining  those  best  suited  for  the 
work.  If  he  has  chert  or  other  hard-compacted  soil 
to  loosen  and  haul  to  place  on  the  road,  he  will  find 
the  “rooter  plow”  the  best  implement.  Gravel  may 
be  sorted  with  forks  made  for  the  purpose,  and  a 
manure  spreader  may  be  used  for  spreading  sand.  In 
grading  work,  allowance  should  be  made  for  shrinkage. 
Usually  about  10  per  cent  is  added  to  the  height,  so 
that  the  correct  height  will  obtain  after  the  fill  has 
settled.  The  side  slopes  should  be  given  the  natural 
slope,  about  lj  horizontal  to  1 vertical  for  earth,  clay, 
or  gravel,  and  about  2 to  1 for  light  loamy,  or  light 
portant  as  construction.  This  sandy,  soils.  The  drag  scraper  is  best  for  moving  earth 
b^eand r^d^red washed  UP  about  100-foot-length  haul;  wheel  scrapers,  from 

100  to  1,500  feet;  and  wagons,  for  greater  distances. 
The  regulation  dump  wagon  or  home-made  slat-bottom  wagon  bed  is  suitable 
for  hauling  earth,  gravel,  and  broken  rock.  A plow,  a grader,  a harrow,  and  a 
drag  are  necessary  implements  for  shaping  up  and  finishing  the  roadbed. 


Earth  roads.  Earth-road  building  consists 
in  grading,  draining,  and  shaping  the  ditches 
and  roadbed  (Fig.  405).  The  earth  road  must 
be  (brained  and  the  surface  become  compact 
and  solid  before  it  is  a good  road.  The  sup- 
porting power  of  earth,  when  thoroughly  wet, 
is  only  about  one-fourth  of  that  same  earth 
when  just  sufficiently  wet  to  pack  without 
yielding.  If  the  drainage,  then,  is  properly 
attended  to,  the  rest  will  follow. 

Simple  crowning  and  smoothing  on  all 
earth  roads  with  grader  and  drag  cost  about 
3 to  5 cents  per  cubic  yard,  or  $30  to  $60  per 


mile.  When  grading  is  to  be  done,  moving 
earth,  for  the  various  hauls  on  the  average 
road,  costs  about  20  cents  per  cubic  yard. 

Sand-straw  roads.  These  should  be  kept 
rather  flat,  to  retain  some  of  the  moisture  in 
the  road.  The  straw  method  of  treating  a 
sand  road  is  to  cover  the  traveled  roadway  to 
the  desired  width  with  2 or  3 inches  of  woody 
straw,  uniformly  spread,  and  maintained  by 
keeping  the  straw  raked  into  the  ruts.  In 
some  instances,  the  right  of  way  outside  the 
traveled  roadbed  has  been  planted  with  clover, 
rye,  or  some  grass  or  grain  having  a woody 
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It  may  not  come  up  to  expectancy  at  first;  but 
keep  going  with  the  drag  as  you  would  on  an 

s.  U — — ^ I earth  road,  adding  such  material  as  is  needed, 

ct*  ' and  it  will  ultimately  make  a good  farm  road. 

The  machinery  required  is  a No.  10  plow, 
drag  scrapers,  disc  harrow,  spike-tooth  har- 
row, road  grader,  drag,  and  2x4  slat-bot- 
tomed wagon  beds.  With  a mile  haul  for  the 
added  material  and  $1.75  for  labor  and  $4  for 
teams,  a 10-foot  strip  of  sand-day  will  cost 
about  $1,000  per  mile. 

Foundations.  Other  kinds  of  road,  now 
Fig.  405.  Graded  earth  roads  showing  desirable  about  to  be  discussed,  require  more  or  less 

relation  between  width  and  crown  preparation  of  subgrade  or  foundation  to  re- 

ceive the  material.  A rock  road,  for  ex- 
fibered  stem.  This  is  cut  and  raked  upon  the  ample,  is  an  earth  foundation  covered  by  a 

centre  strip  of  roadway  each  season.  Saw-  compact  crust  of  small  broken  stone.  The 

dust  (which  is  bad  for  an  earth  road)  may  be  earth  foundation  supports  this  crust  of  broken 

used  instead  of  straw.  The  straw  or  sawdust  stone  as  well  as  the  loads  which  come  upon  it. 

treatment  will  help  retain  the  moisture  and  This  crust  of  rock  placed  upon  an  undrained, 

in  time  will  change  the  nature  of  the  soil,  wet,  or  boggy  earth  will  gradually  work  down 

making  it  firmer.  into  it  until  the  wheels  cut  through.  The 

Sand-clay  roads.  The  sand-clay  road  is  foundation  should  be  well  drained,  shaped, 

one  composed  of  a mixture  of  sand  and  clay,  and  compacted  before  it  receives  the  wearing 

If,  instead  of  clay,  gumbo  be  used,  the  road  surface  material. 

may  be  termed  a “sand-gumbo”  one.  Other  After  the  drainage  has  been  well  provided 
kinds  of  cohesive  soil  of  a plastic  nature  may  for,  excavate  a trough-shaped  section  of  the 

be  mixed  with  sand,  to  make  a more  compact  width  and  depth  of  the  proposed  road  ma- 

and  impervious  roadbed.  If  the  natural  terial.  This  trough  should  be  crowned  and 

soil  be  sand,  clay  must  be  added;  if  clay,  then  shaped  to  the  desired  finish,  that  is,  to 

sand  must  be  added.  The  roadbed  is  pre-  conform  to  the  proposed  cross  section  with- 

pared  and  shaped  in  the  same  manner  as  with  out  unevenness  or  soft  spots  and  should 

an  earth  road  (Fig.  405).  The  added  be  well  compacted  before  the  surfacing 

material  should  be  spread  and  mixed  on  the  material  is  put  on.  If  a roller  is  not  avail- 

prepared  roadbed  with  plow,  harrow,  disc  able,  let  the  subgrade  become  settled  before 

ana  grader  to  the  uniform  thickness  and  adding  the  material.  Where  the  material  is 

width  desired.  All  material  dumped  on  the  to  be  put  on  an  earth  roadbed  of  approxi- 

roadbed  should  be  evenly  spread  as  it  is  de-  mately  the  desired  shape,  which  is  already 

posited.  Each  succeeding  load  should  be  firm  and  well  compacted,  it  is  better  not  to 

nauled  over  the  preceding  one,  after  the  first  break  up  the  old  roadbed,  since  a solid  sub- 

has  been  spread.  The  day  should  be  well  grade,  or  foundation,  is  the  thing  desired, 

pulverized  and  disintegrated  and  the  ma-  Put  the  material  on  this  firm  old  roadbed,  and 

terials  mixed  while  comparatively  dry.  draw  in  earth  for  the  shoulders  from  the  sides 

Enough  day,  usually  about  one-third,  must  or  ditches.  This  constitutes  the  first  step, 

be  used  to  fill  the  “voids”  or  interstices,  of  the  (See  Figs.  408  and  411.) 

sand.  If  there  should  be  too  great  a proportion  In  placing  the  material  on  this  prepared 

of  one  material,  the  opposite  material  must  be  foundation,  spread  it  evenly  by  using  a slat- 
added  until  the  whole  mixture 
shall  be  of  the  proper  consistency. 

This  may  be  done  by  hauling  the 
opposite  material  from  that  of  the 
natural  roadbed  or  by  adding  the 
roadbed  material  by  running  the 
plow  a little  deeper  or  by  bringing 
such  material  in  from  the  sides  or 
side  ditches.  The  whole  of  the 
materials  should  then  be  mixed  wet 
and  puddled.  Upon  completion  of 
the  mixing,  the  roadbed  should  be 
reshaped  and  dragged  while  yet 
damp  enough  to  pack  well.  If  a 
roller  be  available,  the  roadbed 
should  then  be  well  rolled.  No 
soft  or  uneven  spots  must  remain, 
and  the  finished  roadbed  must 
present  a true  and  even  surface. 
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bottomed,  or  dump,  wagon  and  dump  with 
the  team  slowly  moving;  otherwise,  dump  on 
a platform  and  shovel  on  to  the  roadbed,  in 
order  to  spread  the  material  evenly.  If 
the  material  is  dumped  on  the  roadbed  in  a 
heap,  it  compacts  more  at  that  point  than 
between  the  loads,  and  the  road  may  settle 
in  a wavelike  surface.  When  dumping  from 
wagons,  dump  the  material  where  the  wheel 
tracks  will  come  and  spread  it  each  way; 
for  the  greatest  wear  upon  a road  falls  within 
a strip  under  each  wheel  track,  and  the  great- 
est compactness  will  then  be  on  these  lines. 
Let  each  load  slightly  overlap  the  preceding 
one. 

Shell,  slate,  shale,  and  chert  roads.  In 
some  of  the  coastal  sections,  where  oyster 
shells  are  available  and  other  materials  are 
not,  shell  roads  are  built.  The  shells  are 


spread  evenly  upon  the  prepared  foundation, 
where  they  are  compacted  by  the  traffic. 
They  are  soon  ground  into  a powder  and  blow 
or  wash  away,  so  do  not  make  a lasting  road, 
especially  under  heavy  traffic. 

Slate  and  shale  roads  are  both  inferior 
kinds,  the  materials  grinding  easily  into  dust 
and  powder  under  traffic,  or  disintegrating 
from  atmospheric  conditions.  The  material 
is  broken  up  and  placed  on  the  roadway  in  a 
manner  similar  to  that  described  for  shell 
roads. 

Chert,  to  which  reference  has  already  been 
made,  is  also  one  of  the  inferior  road-building 
materials,  but  is  better  than  either  shells, 
slate,  or  shale.  It  is  placed  in  the  same  man- 
ner as  the  others,  but  wears  and  weathers 
better  and  also  binds  together  and  consoli- 
dates more  effectively. 

Other  kinds  of  material  of  a quality  equal 
to  any  thus  far  described  may  be  found  and 
utilized.  It  is  not  worth  while  to  put  the 
expense  upon  them  required  for  a high-grade 
road.  Any  of  them  might  be  used  for  the 
base  under  a broken-rock  or  gravel  road. 
(Fig.  409). 

The  cost  of  a road  built  from  one  of  these 
materials  for  a 10-foot  road  will  be  about 
$800  to  $1,000  per  mile,  exclusive  of  grading, 
but  including  shaping  the  roadbed  and  a haul 
of  1 mile  for  material. 

Gravel  roads.  For  gravel  roads,  the  gravel 
should  not  run  too  unevenly  (this  can  be 
governed  by  forking  in  loading),  and  should 
contain  15  to  25  per  cent  of  fine  material, 
to  act  as  a filler  for  the  gravel.  A gravel 
which  nature  has  packed  and  cemented  in 
the  bank,  for  example,  often  indicates  the 


s-Originat  Surface 

/st.  Sfep — Shoulders  thrown  up  and  roadbed 
shaped,  prepared  and  netted. 

( — Coarse  rectr  orgrauet—stedge  base. 
■ 

2n^Step-  tst  course  of metat ptaced  and  rotted. 


drcfstep—2r?€t course  o f metat spread  on  f/rst  course,  f/tter 
added,  f/ushed/n  with  water  and  rotted.  Shoutders 
shapedand rotted  and  s/de  d/tches  f/n/shed. 


Fig.  408.  Three  steps  in  making  a rock  or  gravel  road  of  the  higher  grade  or  Class  A type 
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presence  of  lime,  clay,  or  other  cementing 
medium  and  will  always  recement  in  the  road- 
bed, If  it  is  a dean  gravel,  it  is  hard  to  con- 
solidate without  some  smaller  material,  and 
this  is  called  the  “filler.” 

Gravel  roads,  like  rock  roads,  may  be 
divided  into  two  dasses:  Class  A,  of  the 
better  class  of  construction;  and  Class  B,  of 
the  cheaper  kind  (Figs.  410, 411).  For  a Class 
B road,  the  gravel  should  be  placed  on  the 
prepared  earth  foundation  and  between  the 
shoulders  of  earth  thrown  up  from  the  side 
ditches  to  receive  it.  The  gravel  should  not 
be  larger  than  3 inches,  measured  on  the 
greatest  dimension.  One  inch  of  filler,  pre- 
ferably limestone  screenings,  should  be  spread 
evenly  over  this,  and  the  surface  then  well 
harrowed  with  a spike-tooth  harrow  (Fig.  398). 

At  the  same  time,  the  earth  shoulders 
should  be  kept  drawn  up  to  the  sides  of  the 
gravd,  to  hold  it  in  place.  This  is  the  second 
step  (fig.  411).  When  the  harrow  has  been 
passed  over  the  surface  a number  of  times, 
another  inch  of  filler  material  should  be 
spread  over  it,  and  the  sides,  shoulders,  and 
ditches  finished  to  the  proper  slopes  and 
shape.  Watering  and  rolling  may  be  dis- 
pensed with,  so  that,  with  the  addition  of  a 
grader,  this  class  of  road  can  be  built  with 
the  ordinary  farm  implements.  In  some 
soils,  a drag  may  be  substituted  for  the 
grader. 

Care  should  be  taken  to  keep  the  ruts  filled 
and  the  crown  shaped  up  while  travel  is 
consolidating  the  newly  finished  road.  ’ As 
fast  as  ruts  and  low  places  are  formed  by  the 
wheels  of  vehicles,  gravel  should  be  raked 
into  them  (the  drag  or  harrow  can  take  the 
place  of  hand  work),  and  this  work  should 


be  kept  up  until  the  roadbed  is  solid.  Let 
nature  do  the  sprinkling,  travel  do  the  rolling, 
and  yourself  do  the  dragging;  and  in  a years 
time  the  road  will  be  pretty  well  consoli- 
dated. 

The  cost  of  a 10-foot  gravel  road  for  a 
1-mile  haul  of  gravel,  exclusive  of  grading, 
will  be  about  $1,000  a mile  (Fig.  409). 

Rock  roads.  Rock  roads  of  Class  B,  or 
the  cheaper  road  of  rock  is  constructed  in  a 
manner  similar  to  that  described  for  a gravel 
road  of  the  same  class.  Rock  from  the 
crusher,  taking  what  is  termed  the  “crusher 
run,”  is  substituted  for  gravel,  but,  otherwise 
the  details  of  gravel-road  construction  apply 
here  also.  The  rock  should  be  selected  with 
a view  to  its  hardness,  toughness,  and  cement- 
ing value.  Where,  as  is  generally  the  case, 
there  is  but  the  one  kind  available,  there  is 
frequently  a choice  between  the  different 
ledges,  between  ledge  and  field  rock  or  be- 
tween solid  and  shell  rocks. 

The  broken  stone  is  spread  on  the  roadbed 
to  the  required  width  and  thickness.  It 
should  be  broken  to  such  size  that  no  stone 
shall  be  larger  than  3 inches,  measured  on  the 
greatest  dimension.  It  must  be  spread  evenly 
upon  the  foundation,  to  present  a true  surface 
to  the  finished  road.  Stone  screenings,  or 
crushed  rock  less  than  one-fourth  inch  in 
size,  or  other  suitable  filler,  should  be  spread 
over  the  surface  and  then  be  harrowed  with 
a spike-tooth  harrow  as  long  as  the  teeth  will 
penetrate  the  surface.  Another  inch  of  filler 
should  then  be  evenly  and  uniformly  spread 
over  the  surface,  and  the  shoulders  ana  ditches 
finished.  The  finished  road  should  be  given 
the  same  attention  while  consolidating  under 
traffic  as  that  described  for  gravel  roads. 
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The  cost  of  a rock  road,  exclusive  of  grad- 
ing, calculated  for  a 1-mile  haul  of  rock  is 
about  $1,500  for  a 10-foot  road  (Figs.  410 
and  411). 

Roads  of  higher  grade.  The  roads  thus 
far  described,  and  designated  Class  B,  in 
which  road  metal  is  used,  represent  a kind 
of  construction  more  often  within  reach  of 
farmers  for  roads  and  farm  lanes  than  the 
more  expensive  and  better  kind,  which  we  have 
termed  Class  A.  If  duly  cared  for  and  prop- 
erly maintained,  they  make  good  farm  roads. 

The  construction  of  roads  of  the  higher 
grade,  or  Class  A,  may  be  divided  into  3 
steps  or  stages:  (1)  the  subgrade,  or  founda- 
tion; (2)  the  base,  or  first  course  of  metal 
or  hard  road  material;  and  (3)  the  wearing 
surface,  or  second  course  of  metal.  The 
material,  or  metal,  is  put  on  the  prepared 
foundation  in  courses,  usually  2,  but  never 
less,  and  neither  course  should  exceed  8 
inches  in  thickness,  as  the  complete  effect  of 
the  roller  extends  only  through  6 or  8 inches. 
The  lower  course  of  material  may  be  of  an 
inferior  quality  to  that  of  the  top  course. 
The  interstices,  or  voids,  of  the  stone  or  gravel 
should  be  filled  with  a suitable  binder  (pref- 
erably limestone  screenings  in  water-bound 
construction)  well  dampened  ahead  of  the 
roller.  As  the  top  course  will  be  in  contact 
with  the  wheels,  it  should  be  of  a lasting  and 
wearing  quality;  and  water  should  be  used 
to  flush  the  fifier  into  the  voids,  since  road 
material  will  compact  better  damp  than  dry. 
The  foundation  should  be  shaped  out,  all 
soft  spots  removed  and  replaced  with  good 
earth  and  thoroughly  and  evenly  rolled  ahead 
of  the  material.  Care  must  be  taken  to  get 
the  metal  on  evenly  and  uniformly  and  the 


whole  well  rolled.  The  crushed  rock  is 
separated  into  the  required  sizes  by  means 
of  screens  at  the  crusher,  and  care  should  be 
taken  to  see  that  the  size  is  regular  and  within 
the  specified  limits. 

The  subgrade,  or  foundation.  The  com- 
plete subgrade  snould  be  of  an  even  finish, 
shaped  to  a true  surface,  rolled  until  thoroughy 
compacted  # and  with  no  soft  or  uneven 
spots  remaining.  This  is  the  first  step  (Fig. 
408). 

Ditches  should  be  excavated  of  such  widths 
and  depths  as  the  drainage  requirements 
demand,  and  with  true  grades  and  sufficient 
incline  to  furnish  a free  and  uniform  flow  of 
water.  Whenever  necessary,  subdrainage 
should  also  be  provided. 

A shoulder  should  be  left  when  preparing 
the  subgrade  on  each  side  of  the  roadbed, 
and  be  rolled  with  the  final  rolling.  Rolling 
should  be  commenced  at  the  sides  and  on  the 
shoulders  and,  working  toward  the  centre 
of  the  road,  be  continued  until  the  material  is 
well  consolidated.  All  broken  rock,  screen- 
ings and  filler  should  be  spread  evenly  upon 
the  roadbed. 

The  base.  A layer  of  broken  stone  should 
be  spread  on  the  prepared  subgrade  to  the 
desired  width  and  thickness.  The  stone 
for  this  course  must  be  broken  to  such  size 
that  no  stone  shall  be  less  than  3 inches,  nor 
larger  than  6 inches.  It  should  be  placed 
upon  the  road  to  present  a true  surface  to  the 
finished  road.  Stone  screenings,  broken  rock, 
and  spalls  should  be  sledged  and  worked  into 
the  crevices,  making  what  is  termed  a “sledge** 
base,  and  the  whole  should  be  thoroughly 
rolled.  This  is  the  second  step  (Fig.  408). 

The  wearing  surface.  The  second  course 
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of  stone,  the  wearing  surface,  should  then  be 
added.  This  is  the  third  step  (Fig.  408). 
This  stone  should  be  not  less  than  one-half 
inch  nor  larger  than  1}  inches.  It  should 
be  evenly  and  uniformly  spread  and  rolled 
to  partial  compactness,  after  which  sufficient 
screenings  (rock  less  than  one-fourth  inch  in 
size)  to  nil  all  voids  should  be  spread  over  the 
surface  and  flushed  in  with  water.  The  whole 
should  then  be  rolled  until  thoroughly  com- 
pacted, further  screenings  and  water  being 
added  during  the  rolling  until  the  voids  are 
thoroughly  filled  with  screenings,  and  the 
surface  becomes  smooth  and  rounded,  and  no 
further  compacting  is  possible.  No  material 
should  be  used  which  will  produce  mud  or 
dust.  Neither  should  clay  or  any  sticky 
material  be  used,  because  when  it  is  picked 
up  by  the  wheels  the  fine  surface  rock  will 
bepicked  up  with  it. 

The  same  specifications  will  apply  to  this 
class  of  gravel  road,  as  the  former  except  that 
the  gravel  of  the  first  course  may  run  from 
2 to  6 inches  in  Bize  and  contain  from  20  to 
30  per  cent  of  filler  (smaller  than  2 inches) 
reasonably  well  distributed  throughout  the 
mass.  The  second  course  of  gravel  should  be 
from  half  inch  to  1}  inches  in  size  and  should 
contain  from  20  to  30  per  cent  of  material 
of  less  size.  It  is  better  if  this  last  course 
of  gravel  does  not  contain  the  finer  material 
and  that  limestone  screenings  to  that  extent 
be  added,  flushed  in,  and  rolled.  The  fin- 
ished rolling,  watering,  and  shaping  is  the 
same  as  that  indicated  for  a rock  road. 

The  telford  road.  The  telford  road  belongs 
in  this  class  of  construction  and  is  one  with  a 
base  course  of  heavy  stone  placed  athwart 
the  road. 

The  stone  is  broken  to  suitable  size  and 


set  by  hand  with  the  broad  end,  or  edge, 
down  and  in  courses  at  right  angles  to  the 
centre  line  of  the  road  and  firmly  wedged 
by  hand.  All  irregularities  of  the  surface 
should  be  reduced  with  a hammer  until  no 
stone  has  a maximum  projection  or  depression 
exceeding  2 inches,  and  the  whole  should 
then  be  thoroughly  rolled.  The  crown  to 
the  base  may  either  be  formed  in  the  founda- 
tion or  may  be  made  by  using  stone  of  in- 
creased depth  toward  the  centre  in  the  base. 
The  rest  of  the  construction  is  the  same  as 
that  described  for  this  class  of  regular  rock 
or  gravel  road. 

The  cost  of  this  class  of  road  is  nearly 
double  that  of  Class  B (Figs.  410  and  411), 
for  the  same  width,  length  haul,  and  other 
conditions.  The  itemized  cost  for  average 
country  conditions  is  about  as  shown  in  the 
accompanying  table. 


COST 

NATURE  OF  WORK 

PER  SQ.  YD. 

PER  CU.  YD. 
(loose) 

Quarry  rent  . 

$.013 

$ .05 

Quarrying .... 
Crushing  .... 

.100 

.075 

.40 

.30 

Hauling  (1  mile) 

.075 

.30 

Shaping  roadbed . 

.035 

.12 

Spreading  material  . 

.03 

.11 

Rolling  .... 

.015 

.06 

Sprinkling .... 

.014 

.05 

Superintendence  . . 

.013 

.05 

Incidental .... 

.015 

.06 

Total  .... 

$.385 

$1.50 

{Original  Surface 


/*?  Sfep—~  Orig/nat surface  ofo/droadbedmade  smooth  and  shaped,  if o/d 

roadbed  is  firm  and  compact  disturb  it  as  titt/e  as  possib/e.  Make 

shou/ders  by  drotwhg  in  earth  in  two  routs  a/ith  the  grader  tram  fae\ 

sides  and  ditches  *—£ock  or  Grace t 
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2^ Step Me  fa/ p/aced  on  the  or/g/natsurface  beta/een  the  shou/ders 

and  earth  from  the  sides  and  ditches  kept  draumfshou/dered) 
to  the  rock. 

Shou/ders  shaped  and  side  ditches  finished. 


3™* Step- 


Fig.  411.  Three  step*  in  the  making  of  a claaa  B rock  or  gravel  road 
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Bitumen  in  road  making.  The  roads  thus  far  described  are  of  what  is  termed 
“water-bound  construction.”  In  these,  water  is  a vehicle  to  carry  the  filling  ma- 
terial into  the  voids,  and  also  to  dampen  the  material,  so  that  it  will  be  more 
firmly  compacted.  This  construction  depends  more  upon  consolidating  than 
upon  cementing  the  particles  together.  In  "bituminous-bound”  roads,  bitumen 
is  substituted  for  water,  to  get  a more  tenacious  cementing  of  the  parts  together. 
This  bitumen  is  especially  prepared  for  road  purposes  from  tar,  asphalt,  or  as- 
phaltic oil.  For  construction  purposes,  it  is  generally  applied  in  what  is  termed 
the  “penetration  method,”  which  requires  some  changes  in  method  of  construc- 
tion from  any  thus  far  described.  In  fact,  a greater  degree  of  care  and  slightly 
different  methods  are  used  to  develop  a still  better  class  of  roads  than  those 
hitherto  described,  in  both  water-bound  and  bituminous-bound  types. 

Concrete  or  brick  might  be  recommended  for  some  localities,  but  both  of 
them,  as  a rule,  are  too  costly  for  application  to  farm  roads,  country  lanes,  and 
side  roads.  If  one  intends  to  embark  on  this  class  of  construction,  he  should 
employ  a road  expert. 

Sprinkling  method.  Some  use  may  be 
made  of  tne  1 'sprinkling*1  method.  This 
consists  simply  of  an  application  of  road  oil 
by  sprinkling.  It  is  principally  a dust  pre- 
ventive, but  anything  which  prevents  the 
surface  of  a hard  road  from  grinding  into 
dust  adds  to  the  life  of  the  road.  When  uni- 
formly coating  the  stone,  it  forms  a bond  which 
prevents  the  rapid  wear  and  disintegration  of 
the  roadbed  surface.  The  surface  of  the  road 
should  be  placed  in  good  condition,  cleaned 
of  all  foreign  substances,  and  be  perfectly 
dry,  and  the  application  of  oil  should  be  made 
in  dry,  warm  weather.  The  oil  is  applied  by 
means  of  a sprinkling  wagon  and  allowed  to 
penetrate  to  a depth  of,  usually,  1 or  2 inches. 

It  may  be  applied  to  an  earth  surface  as  well 
as  to  one  of  rock.  This  method  requires 
from  one-fourth  to  one-third  of  a gallon  of 


oil  per  square  yard  of  surface  per  application 
with  1 or  2 applications  per  year,  and  costs 
about  2 cents  per  squareyard. 

Earth-and-oil  roads.  The  ordinary  method 
of  constructing  an  earth-and-oil  road  is  to  plow 
and  pulverize  the  earth  about  4 inches  deep. 
While  applying  the  oil,  the  earth  is  cut.  rolled, 
and  turned  with  plow,  disc  harrow,  ana  grader 
until  it  becomes  well  saturated  witn  the  oil.  It 
is  then  ironed  out,  with  a light  roller.  The  oil 
and  mixing  can  not  be  well  done  in  1 appli- 
cation of  oil,  but  the  oil  is  gradually  applied 
while  mixing.  It  takes  about  2}  gallons  per 
square  yard  of  surface  and  will  cost  about  15 
cents  per  square  yard.  Road  oil  of  from  40 
to  60  per  cent  asphalt  is  used.  Oils  of  over 
60  per  cent  asphalt  are  too  heavy  for  this 
class  of  work,  and  will  not  penetrate  unless 
heated. 


Maintenance 

Traffic  and  the  dements  are  continually  tearing  the  roads  down,  so  we  must 
be  continually  building  them  up,  A small  hole  soon  becomes  a large  one,  and  a 
roadbed  can  be  kept  smooth  only  by  constant  care  and  attention.  It  is  this 
constant  care  and  attention  in  the  proper  use  of  the  drag  which  makes  this  im- 
plement one  of  the  best  for  maintaining  earth  roads.  It  is  also  a good  mainten- 
ance tool  for  the  sand-day  road  and  for  some  gravel  roads  (Fig.  413). 

Drags.  The  King,  or  “split-log,”  drag  (Fig.  412)  is  made  from  the  2 halves 
of  a split  log  10  or  12  inches  in  diameter  and  8 or  10  feet  long.  The  halves  are 
fastened  about  30  inches  apart  with  strong  3-inch  wooden  dowels,  or  stakes, 
driven  into  2-inch  auger  holes;  and  they  are  set  with  their  flat  sides  to  the  front 
and  staggered  about  1 foot.  Five  or  6 feet  of  the  ditch  end  of  the  front  slab  is 
faced  with  iron  for  a cutting  edge.  This  iron  face  is  2 or  3 inches  below  the  lower 
edge  of  the  slab  at  the  ditch  and  cutting  end,  and  runs  out  flush  with  the  lower  edge 
of  the  slab  at  the  other  end.  A plank  platform,  for  the  driver  to  stand  on,  is  laid 
across  the  dowels.  The  long  end  of  the  hitch  chain,  7 or  8 feet  in  length,  is  fast- 
ened over  the  top  of  the  front  slab  and  to  the  cross-stake,  or  dowel,  at  the  spillway 
end  of  the  drag.  The  short  end  of  the  hitch  chain,  about  3 or  4 feet  long,  is 
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passed  through  an  auger  hole  near 
the  centre  line  and  from  6 to  8 inches 
from  the  end  of  the  cutting,  or  ditch 
end  of  the  front  slab. 

A plank  drag  (Fig.  413)  is  made 
in  a similar  manner,  with  2 x 12  tim- 
ber for  each  slab,  reinforced  by  a 2 x 6 
of  the  same  length  and  bolted  along 
the  centre  line  to  each  2 x 12. 

The  length  of  the 
slipping  it  backward 
through  the  hole  in  the  ditch  end  of 
the  slab,  regulates  the  hold  taken  on  the  earth.  The  position  of  the  snatch 
hook  to  the  doubletrees  regulates  the  cutting  effect.  The  shifting  of  his  weight, 
or  position,  by  the  driver  on  the  platform  of  the  drag  also  regulates  the  cutting, 
carrying,  and  spilling  effect  of  the  drag.  The  drag  is  hauled  at  an  angle  of  about 
45  degrees  with  the  line  of  the  road. 

The  time  to  use  the  drag  is  when  the  road  surface  is  moist,  but  not  wet.  The 
effect  of  the  drag  is  to  put  on  just  enough  soil  to  fill  all  holes,  ruts,  or  hollows, 
pressing  the  water  out  of  them  and,  by  a smoothing  and  puddling  effect, -leaving 
the  surface  in  better  condition  to  sustain  loads  and  shed  rains.  Some  soils  stick 
to  the  drag  if  too  wet,  others  will  stand  wetter  dragging.  Different  soils  require 
different  treatment.  The  rate  of  dragging  should  be  about  1 round-1  mile-1  hour. 

Keep  roadbed  and  side  ditches  clean.  On  any  kind  of  road,  the  sides  be- 
tween the  traveled  roadbed  and  the  side  ditches  should  be  kept  clean,  so  that  the 
water  may  be  shed  freely  to  the  ditches.  The  ditches  and  culverts,  also,  should 
be  kept  open  and  clear  of  obstructions.  It  is  also  a good  principle  of  construction 
always  to  repair  a road,  with  the 
same  material  of  which  it  is 
made. 

Where  ruts,  holes,  or  de- 
fects appear  in  gravel,  rock, 
or  other  hard-surfaced  roads, 
use  the  hand  rake  to  fill  them 
with  small  loose  stone  raked 
in  from  the  high  points  or  the 
edges  of  the  road.  If  addi- 
tional material  be  needed, 
haul  on  small-sized  stone  and 
keep  it  raked  into  the  defec- 
tive places.  On  the  better 
class  of  roads,  the  spot  to  be 
repaired  is  cleaned  before  depositing  the  material,  and  either  tamped  or  rolled. 

Defects  and  wearing  away  will  develop  in  any  road.  Repairing  these  defects 
and  replacing  this  loss  as  soon  as  possible,  is  maintenance. 


hitch  chain, 
and  forward 
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Fig.  414.  Frostproof  root 
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CHAPTER  25 

Concrete  and 
Use  on  the  Farm 


Fig.  415 . Substantial,  fire- 
proof farm  garage. 


By  H.  Colin  Campbell,  Sanitary  Engineer  and  Director  of  Publicity  and  Editor , Portland 
Cement  Association.  He  was  bom  ana  raised  on  a farm  and  has  owned  and  operated  a profitable 
Virginia  farm  since  1909.  However , he  also  graduated  from  the  Columbia  University  School  of 
Mines , and  from  the  College  of  Physicians  and  Surgeons.  For  twenty-nine  years  he  has  practised 
engineering , having  for  the  last  fifteen  identified  himself  with  the  development  of  concrete  construc- 
tion. He  prepared  the  courses  of  concrete  construction  for  the  International  Correspondence 
Schools,  has  contributed  to  or  served  on  the  staffs  of  several  farm  papers  and  is  the  author  of  vari- 
ous text  books  on  the  use  of  concrete. — Editor. 


CONCRETE  is  an  artificial  stone.  Its  ingredients  are  Portland  cement, 
sand,  pebbles  or  broken  stone,  and  water.  Portland  cement,  when  com- 
bined with  water,  undergoes  certain  changes  which  make  it  harden;  and  in  this 
hardening  process  the  Portland  cement  acts  as  a binder  to  unite  the  sand  and  peb- 
bles or  broken  stone  into  a firm  mass  which,  in  the  course  of  a comparatively  short 
time,  becomes  very  hard  and  eventually,  is  to  all  intents  and  purposes,  stone. 


Portland  cement.  Portland  cement  is  a 
manufactured  product.  It  was  given  the 
name  “portlana”  because  of  a resemblance 
which  the  first  manufactured  cement  when 
hardened,  had  in  color,  to  stone  quarried 
at  Portland,  England.  The  name,  therefore, 
means  nothing  except  that  such  cement  is  a 
manufactured  one.  There  are  so-called  nat- 
ural cements,  but  these  are  comparatively 
little  used  in  building  construction,  and  here- 
after in  this  chapter,  when  cement  is  referred 
to,  it  should  be  understood  that  Portland 
cement  is  meant. 

Portland  cement  consists  principally  of 
limy  and  clayey  materials.  There  are  several 
other  substances  in  cement,  but  their  presence 
is  due  principally  to  the  fact  that  they  are 
contained  in  small  quantities  in  such  limy 
or  clayey  materials. 

When  the  correct  quantities  of  raw  material 
for  portland  cement  have  been  selected,  they 
are  burned  in  a kiln  at  a temperature  which 
converts  them  into  a sort  of  slag  or  clinker. 
This  clinker  is  afterward  ground  in  what  are 
known  as  tube  mills,  these  being  large  revolv- 
ing steel  drums  partly  filled  with  flintlike 
pebbles  which  are  tumbled  about  as  the  drum 
revolves,  thus  reducing  the  clinker  to  a fine 
flourlike  powder.  This  powder  is  portland 
cement. 

Being  a manufactured  product,  the  quality 
of  portland  cement  can  be  controlled  with 
practically  any  degree  of  exactness  required. 
Many  persons  are  under  the  impression  that 
Portland  cement  varies  greatly  in  quality. 
Some  people  refer  to  “good”  portland  cement 
and  likewise  to  “bad”  portland  cement. 


Portland  cement  is  made  to  meet  specification 
requirements  which  have  been  found  neces- 
sary to  make  it  suited  to  the  uses  to  which 
it  is  put;  namely,  to  make  mortar  and  con- 
crete. 

The  only  thing  that  can  happen  to  portland 
cement  to  make  it  unfit  for  use  is  exposure 
to  damp  while  in  storage.  Portland  cement 
is  purposely  made  sensitive  to  water.  If  it  is 
stored  where  it  can  be  affected  by  damp,  it 
undergoes  gradual  and  progressive  hardening 
which  will  make  it  unfit  for  use.  Therefore, 
portland  cement,  before  use,  should  be  stored 
m a tight,  dry  shed  and  piled  on  a board 
floor  sufficiently  above  ground  to  prevent 
absorption  of  damp.  If,  when  the  sacks 
are  opened,  there  are  no  lumps  which  cannot 
be  crushed  by  light  pressure  between  one's 
fingers,  the  cement  has  suffered  no  injury. 
If,  however,  there  are  lumps  which  require 
more  than  such  light  pressure  to  crush  them, 
it  is  an  indication  that  damp  has  acted  upon 
the  cement,  and  any  such  lumps  should  be 
discarded.  Portland  cement  is  now  almost 
invariably  shipped  in  cloth  sacks  or  paper 
bags  containing  94  pounds  net.  It  is  usually 
billed  by  the  barrel,  a barrel  being  figured  as 
4 sacks.  Manufacturers  and  dealers  make  a 
charge  for  the  cloth  sacks,  because,  if  they 
are  taken  care  of  and  returned  to  the  dealer 
or  manufacturer  in  good  condition,  they  will 
be  redeemed  for  the  price  at  which  they  were 
billed.  Sacks  should,  therefore,  be  opened 
carefully  and  kept  dry.  Sacks  which  have 
been  wetted  or  torn  will  not  be  redeemed. 

Aggregates.  “Aggregates”  is  the  name 
given  to  the  sand  ana  pebbles  or  broken 
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stone  which  are  combined  with  the  Portland 
cement  in  the  manufacture  of  concrete. 

Sand.  Aggregates  are  referred  to  as  41  fine” 
and  “coarse.  Sand  is  called  “fine  aggre- 
gate.” Not  every  kind  of  sand  will  do  for 
concrete.  Concrete  sand  must  be  graded 
from  fine  to  coarse,  and  in  such  grading  the 
volume  of  coarse  particles  should  exceed  the 
fine  ones.  Usually  concrete  sand  should 
range  from  quarter-inch  particles  downward 
to  the  finest  permissible  ones,  exclusive  of 
dust. 

Sometimes,  stone  screenings  from  hard 
rock,  such  as  granite,  are  used  in  a concrete 
mixture  in  place  of  sand.  They,  also,  must 
meet  the  same  specifications;  that  is,  they 
must  range  from  quarter-inch  downward  in 
size  and  must  be  free  from  dust. 

Pebbles|or  broken  stone.  Pebbles  or  broken 
stone  are  referred  to  as  “coarse  aggre- 
gate.” By  “pebbles”  is  meant  coarse  ma- 
terial ranging  in  size  from  quarter-inch  up  to 
1 or  1}  inches  or,  in  some  cases,  3 inches,  de- 
pending upon  the  kind  of  work  for  which 
the  concrete  is  being  made.  The  same  speci- 
fications would  apply  to  broken  stone,  when 
used  as  coarse  aggregate  instead  of  pebbles. 

Many  persons  think  that  natural  bank-run 
material,  which  is  sand  and  pebbles  as  taken 
directly  from  a gravel  pit,  is  just  the  same  as 
properly  graded  sand  and  pebbles.  This  is 
not  true,  Decause  in  a concrete  mixture  it  is 
very  necessary  that  the  materials  be  propor- 
tioned so  that  voids,  or  air  spaces,  will  be 
reduced  to  the  lowest  possible  minimum. 
This  cannot  be  done  without  using  an  excess 
quantity  of  cement  where  natural  bank-run 
gravel  is  used  instead  of  definite  volumes  of 


sand  and  pebbles  or  broken  stone.  The 
reason  for  this  will  be  made  clear  by  the 
following:  Practically  every  gravel  pit  con- 
tains twice  as  much  fine  material  (sand)  as 
coarse  material  (pebbles).  In  most  concrete 
mixtures,  proportions  for  which  are  given 
below,  it  will  be  seen  that  correct  proportions 
involve  a ratio  between  fine  and  coarse  ma- 
terials practically  the  reverse  of  the  ratio 
between  such  materials  which  exists  in  the 
natural  gravel  bank.  No  matter  how  solidly 
the  materials  may  seem  to  lie  in  the  deposit, 
there  are  from  33}  to  45  per  cent  or  more  of 
voids  or  air  spaces.  This  can  be  proved  by 
taking  from  the  pit  enough  material  to  fill  a. 
tight  box  having  a capacity  of  1 cubic  foot,5 
packing  the  material  in  the  box  as  firmly  as 
possible,  and  then  pouring  water  into  it  until 
the  box  just  overflows.  An  experiment  of 
this  kind  will  prove  that,  in  addition  to  the 
compacted  material  from  the  gravel  bank, 
there  may  be  added  to  the  box  from  one-third 
to  nearly  half  its  capadtv  of  water.  Bank- 
run  material  must,  therefore,  be  screened  so 
as  to  separate  the  fine  material  from  the 
coarse  to  enable  correct  proportioning  of  the 
two  when  preparing  a concrete  mixture. 

. Screening  materials.  For  screening  bank- 
run  material,  a suitable  screen  may  be  made 
by  building  a frame  from  2}  to  8 feet  wide  and 
6 feet  long  from  2 by  6-inch  lumber  and  nailing 
over  this  screen-wire  netting  having  quarter- 
inch  square  meshes,  or  slotted  screen  wire 
having  three-eighths  inch  slots  with  cross  wires 
from  4 to  6 inches  apart.  When  such  a 
screen  is  set  at  an  angle  of  about  45  degrees, 
and  the  bankrun  material  thrown  at  its 
upper  end  in  shovelfuls,  the  material  rolling 
down  the  face  of  screen  will  be  separated  into 
fine  and  coarse  particles.  It  may  be  necessary 
to  pass  the  coarse  material  over  another 
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screen  having  1 j-inch  or  lj-inch  meshes,  so  as 
to  exclude  particles  that  would  be  too  large. 
The  maximum  size  of  particles  that  can  he 
used  in  any  concrete  mixture  is  governed 
entirely  by  the  nature  of  the  work.  In  rein- 
forced concrete  work,  the  largest  particles 
should  not  exceed  1 inch  in  greatest  diameter; 
otherwise,  the  concrete  cannot  be  solidly 
compacted  in  the  forms  nor  brought  in  inti- 
mate contact  with  the  reinforcing  material. 

Use  dean  materials.  Several  things  must 
be  borne  in  mind  when  selecting  aggregates 
for  concrete  making.  The  materials  must  be 
clean.  They  must  be  free  from  dust,  loam, 
day,  or  other  foreign  material.  If  there  is 
much  of  such  material  present,  it  will  prevent 
the  cement  from  coming  in  contact  with  the 
surface  of  the  aggregate  partides,  and  this, 
in  turn,  will  prevent  the  cement  from  acting 
as  a binder  to  unite  the  mass.  A very  small 
quantity  of  foreign  materials  such  as  those 
mentioned,  sav,  not  more  than  3 or  4 per 
cent,  is  not  objectionable,  if  the  concrete  is 
thoroughly  mixed.  If  foreign  material  is 
present  in  excess  of  4 or  5 per  cent,  it  must  be 
removed  by  washing. 

Washing  aggregates.  Small  quantities  of 
aggregates  may  readily  be  washed  in  an  in- 
clined trough  by  throwing  them  in  at  the 
upper  end  of  the  trough  and  introdudng 
water  there  in  sufficient  quantity  to  cause 
the  materials  to  roll  down  the  trough.  This 
tumbling  about  will  loosen,  or  wash  out, 
day  and  loam  which  will  be  carried  away  by 
the  water  as  it  leaves  the  trough  at  the  lower 
end.  Such  a trough  may  readily  be  arranged 
with  a screen  near  its  lower  end,  so  that  the 
sand  and  pebbles  will  be  separated  as  well  as 
washed.  Another  simple  way  of  washing 
materials  is  to  build  a large  tray,  say,  about 
4 feet  wide,  10  feet  long,  and  8 or  10  inches 
deep,  prop  up  one  end  slightly,  and  throw  the 
materials  in  at  the  higher  end.  Then  apply 
water  and  keep  the  contents  of  the  box  stirred 
up,  so  that  the  overflow  water  will  carry  off 
the  silt  or  loam. 

Quality  of  aggregates.  Aggregates  that 
are  soft,  such  as  would  come  from  shale  rock, 
are  not  suited  to  concrete.  Sand  should  be 
what  is  known  as  siliceous;  that  is,  it  should 
consist  of  partides  of  quartzlike  rock.  Peb- 
bles should  be  hard  ana  round  or  egg-shaped, 
rather  than  flat  and  long.  As  pebbles  of  the 
latter  shape  will  not  compact  solidly,  they  will 
not  make  dense  concrete. 

When  stone  screenings  are  used  in  place  of 
sand,  they  should  be  tne  product  of  crushed 
trap  rock  or  granite.  If  broken  stone  instead 
of  pebbles  is  used  for  coarse  aggregate,  it 
should  have  been  obtained  by  grinding  granite, 
hard  limestone,  or  trap  rock.  Sometimes 
slag  is  used  for  coarse  aggregate.  There  are 
various  kinds  of  slag,  however;  but  only  slag 
which  is  the  refuse  from  blast  furnaces  in 
smelting  iron  ore  is  suited  for  concrete  aggre- 
gate. Slags  that  oome  from  other  ores  usually 


Fig.  417.  Leveling  the  surface  of  a feeding  floor  with 
floats.  Note  the  "bridge;”  ©Iso  the  screen  over  the 
finished  section  to  prevent  too  rapid  drying. 


contain  free  chemicals  which  may  act  in- 
juriously on  the  cement.  One  exception  to 
the  foregoing  statement  is  material  known 
as  “chats.”  This  is  the  waste  material  ob- 
tained in  the  process' of  smelting,  or  reducing, 
zinc  ores.  It  makes  a good  aggregate,  but 
cannot  be  obtained  in  graded  sizes,  as  it 
almost  invariably  runs  from  half  inch  down- 
ward in  grading. 

Fire-resisting  aggregates.  Another  point 
should  be  borne  in  mind  in  selecting  aggre- 
gates, and  that  is  their  ability  to  resist  fire. 
Concrete  is  recognized  as  a highly  fire-resisting 
building  material.  The  degree  of  fire  resis- 
tance it  has  depends  largely  upon  the  aggre- 
gates. In  the  process  of  manufacture,  port- 
land  cement  is  subjected  to  very  high  heat, 
so  that  in  itself  it  is  highly  fire-resisting. 
Trap  rock  and  slag  are  fire-resisting  rocks, 
because  in  nature  they  resulted  from  a trans- 
formation in  which  high  heat  was  present. 
Granites,  although  hard,  tend  to  burst,  when 
exposed  to  high  heat,  while  most  limestones 
disintegrate  or  crumble  when  exposed  to 
heat,  because,  as  nearly  eveiy  one  knows, 
quicklime  is  made  by  burning  limestone. 
Therefore,  for  high  fire-resisting  qualities, 
aggregates  must  be  selected  with  the  above 
consideration  in  mind. 

Adaptability  of  concrete.  Concrete  is  a 
most  adaptable  building  material.  This 
is  due  to  tne  fact  that,  when  the  mixture  is 
finished,  it  is  in  what  we  might  call  a plastic 
form.  If  immediately  placed  in  forms  or 
molds  and  then  allowed  to  remain  undis- 
turbed, it  will  harden  and  assume  the  shape 
of  the  mold,  or  form,  in  which  it  has  been 
placed. 

The  advantages  of  concrete  are  that  it  is  a 
strong  material,  may  be  easily  prepared  and 
used,  and,  when  properly  employed,  makes  to 
all  intents  and  purposes  a permanent  fireproof 
structure— more  nearly  so  than  can  be  secured 
with  any  other  building  material.  Also,  it 
makes  a structure  that  is  water-tight,  and 
one  that  can  readily  be  kept  clean,  which 
means  sanitary. 

Most  of  the  materials  of  which  concrete  is 
made  may  be  obtained  anywhere.  There  is 
hardly  a farm  that  has  mot  on  it  or  near  by  a 
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Fig.  418.  The  essential  tools  for  concrete  work  are 
easy  to  get  on  the  farm:  a,  rake  for  spreading;  b,  metal 
wheelbarrow;  c,  wooden  float;  d and  «,  shovels,  the  first 
better  for  mixing;  /,  pail;  g,  water  barrel;  A,  sand  screen; 
i,  iron  tamper  for  foundation. 

gravel  pit  from  which  the  necessary  sand  and 
pebbles  may  be  obtained.  Cement  is  sold 
m practically  every  town.  The  little  rein- 
forcing steel  that  may  be  needed  is  about 
the  only  thing  that  has  to  be  shipped  in; 
while,  under  careful  supervision,  common 
labor  can  do  the  greater  portion  of  the 
work.  Any  intelligent  farmer  who  is  willing 
to  observe  a few  Bimple  rules  that  mean 
success  with  concrete  can  build  almost 
any  farm  structure  with  the  help  of  his  farm 
labor. 

Tools  required.  The  tools  required  are 
few  and  simple.  Practically  all  of  them 
are  already  a part  of  the  farm  equipment  or 
may  be  home-made.  A screen  for  separating 
sand  from  pebbles  has  already  been  described. 

A mixing  platform  may  be  made  by  nailing 
1 x 4-inch  tongued-and-grooved  boards  on 
2x4  stringers  placed  2 feet  apart.  Tongued- 
and-grooved  boards  are  specified,  because  it  is 
necessary  that  the  platform  be  tight,  so  that, 
when  water  is  added  to  the  other  materials. 


the  cement  will  not  be  washed  away.  The 
platform  should  not  be  less  than  8 by  10  feet 
square;  and  there  should  be  nailed  2x3 
stringers  around  3 sides,  so  that,  when  turning 
the  materials  in  shovel  mixing,  they  will  not 
be  thrown  off  the  platform. 

Concrete  is  usually  proportioned  by  volume, 
and  in  such  proportioning  1 sack  (94  pounds 
net)  of  portland  cement  is  considered  1 cubic 
foot.  Therefore,  the  cement  need  not  be 
measured  unless  the  quantity  of  concrete  re- 

Suired  calls  for  less  tnan  a sack  of  cement. 

>n  most  work,  however,  the  job  will  call  for 
more  than  a 1-sack  batch;  therefore,  it  is 
always  well  to  mix  batches  that  require  1 
sack  of  cement.  This  does  away  with  the 
necessity  of  measuring  that  ingredient. 

For  measuring  sand  and  pebbles  or  broken 
stone,  a bottomless  frame  will  serve  as  a 
measuring  box.  This  may  be  of  any  capacity 
from  1 cubic  foot  upward;  not  huger  than 
from  3 to  5 cubic  feet  is  best.  This  box 
should  have,  marked  around  the  interior, 
lines  indicating  capacities  of  1.  2,  3,  etc., 
cubic  feet,  so  that,  if  it  is  desired  to  measure 
any  quantity  less  than  the  full  capacity  of 
the  box,  definite  known  volumes  may  easily 
be  obtained.  In  use,  the  box  is  set  on  the 
mixing  platform  and  the  required  quantity 
of  materials  placed  in  it;  it  is  then  lifted, 
and,  if  necessary,  again  filled. 

Square-pointed  shovels  are  needed  for  mix- 
ing the  materials.  A hose,  or  in  its  absence,  a 
water  barrel  and  pails  will  be  required  for 
handling  water.  A wheelbarrow  may  be 
needed,  to  move  the  concrete  from  the  place 
where  mixed  to  that  where  deposited.  A 
wheelbarrow  with  a steel  body  is  best.  It 
should  be  cleaned  out  each  time  after  use, 
so  that  it  may  not  eventually  become  nlled 
with  particles  of  hardened  concrete. 

About  the  only  other  tools  necessary  are  a 
strikeboard,  to  level  off  the  concrete  when 
being  used  in  forms  for  walk  or  floor  construc- 
tion; a wooden  hand  float,  to  finish  the  sur- 
face; a steel  trowel  for  smoother  finishing, 
if  needed;  and,  when  walks,  floors,  and  similar 
pavements  are  being  made,  a groover  or 
jointer  and  an  edger,  to  finish  properly  the 
joints  and  edges  of  slabs.  These  last- 
mentioned  tools  may  be  obtained  in  any 
hardware  store. 


Concrete  Mixtures  and  Their  Preparation 

For  very  accurate  results,  concrete  is  proportioned  after  quite  extensive  tests 
have  been  made  on  the  sand  and  pebbles  or  broken  stone,  to  determine  the  per- 
centage of  voids,  or  air  spaces,  in  their  volume.  For  most  work,  such  scientific 
or  exact  methods  are  not  necessary.  The  concrete  is,  in  most  cases,  propor- 
tioned after  what  are  known  as  arbitrary  methods.  This  practice  is  most  com- 
mon on  the  average  run  of  work,  and  is  satisfactory  because  long  experience  has 
shown  that  certain  mixtures,  presuming  that  the  materials  are  well  graded,  answer 
for  certain  classes  of  work. 
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Mixtures  are  described  1:2,1 :3, 12:3, 
1:2J:4, 1:3:5,  etc.  A 1 : 2 mixture  means 
that  the  concrete  is  composed  of  1 part, 
or  1 volume,  of  cement  and  2 parts,  or 
2 volumes,  of  sand.  In  other  words,  a 
1:2  or  a 1:3  or  a 1:1§  mixture  means  a 
sand-cement  mortar.  The  first  figure 
stands  for  cement;  the  second,  for  sand. 
In  a 1 : 2 : 3 mixtime,  for  instance,  we  have 
a third  figure.  This  refers  to  the  volume 
of  coarse  aggregate — pebbles  or  broken 
stone;  so  that  a 1:2:3  mixture  means  1 
part  or  1 sack  of  portland  cement,  2 cubic 
feet  of  sand,  and  3 cubic  feet  of  pebbles 
or  broken  stone. 

Fig.  419.  Screening  sand.  Clean,  sharp  aggregates  Tables  of  mixtures.  In  the  fol- 

are  as  necessary  as  good  cement  lowing  table  of  so-called  arbitrary  mix- 

tures are  given  the  ones  commonly  used 
and  recommended  for  the  classes  of  concrete  construction  indicated  for  each. 
From  this  table  the  reader  will  be  able  to  select  mixtures  suited  to  almost  any 
class  of  work,  if  he  will  bear  in  mind  that  walls,  floors,  and  pavements,  for 
example,  belong  to  one  construction;  that  fence  posts,  hitching  posts,  and 
clothesposts  make  up  another  class;  that  watering  troughs,  feeding  troughs  and 
tanks  are  similar,  and  so  forth. 


TABLE  OF  ARBITRARY  MIXTURES 

1:2  mixture. 

Used  for  wearing  course  of  2-course  floors. 

1:2:3  mixture. 

Used  for  concrete  roofs;  1-course  concrete 
walks,  floors,  driveways,  barnyard  pave- 
ments, fence  posts,  watering  troughs, 
and  tanks,  such  as  cisterns,  reservoirs,  etc. 

1:2:4  mixture. 

Used  for  concrete  walls  and  reinforced 

concrete  work  in  general. 

1:2}:4  mixture. 

Used  for  silo  walls,  grain  bins,  building 
walls  when  stucco  finish  is  not  to  be 
applied,  manure  pits,  dipping  vats,  hog 
wallows,  and  similar  classes  of  construc- 
tion. 

1:2}  :5  mixture. 

Used  for  building  walls  that  are  to  be  stuc- 
coed; base  of  2-course  walks,  feeding 
floors,  barnyard  pavements;  basement 
walls  and  foundations  for  ordinary  con- 
ditions where  water-tightness  is  not 
essential. 

1:3:6  mixture. 

Used  for  heavy  foundations  and  footings. 

MORTARS 

1:1}  mixture. 

Used  for  inside  plastering  of  tanks,  silos, 
and  bin  walls,  if  necessary. 

1:2}  mixture. 

Used  for  fence  posts,  when  fine  aggregate 
only  is  used. 


Mixing  concrete.  Concrete  may  be  mixed 
either  by  hand  or  by  machine.  Good  con- 
crete may  be  mixed  either  way.  If  only 
small  quantities  are  to  be  made,  hand  mixing 
will  probably  be  found  most  convenient; 
but,  if  the  work  is  of  any  considerable  volume, 
machine  mixing  will  insure  a more  thorough 
mingling  of  ingredients  and  will  considerably 
reduce  the  labor  of  mixing.  Small  power- 
operated  mixers  in  almost  endless  variety, 
and  all  of  them  efficient,  may  be  obtained  at 
relatively  low  cost.  They  are  to  be  recom- 
mended wherever  the  amount  of  work  to  be 
done  warrants  obtaining  one.  Frequently, 
farmers  in  a community  unite  and  purchase 
such  a machine  and  use  it  jointly  as  needed, 
thus  making  its  cost  practically  nothing  to 
each  of  those  who  are  interested  in  it. 


Fig.  420.  Water-tight  mixing  floor  with  bottomleac 
measuring  box  in  foreground,  and  water  barrel  in  rear. 
The  edging  around  the  floor  is  handy,  but  not  essential. 
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Hand  mixing.  If  concrete  must  be  mixed 
by  hand,  the  following  method  should  be  used: 
Measure  the  required  amount  of  sand.  Spread 
it  out  in  a thin  layer  on  the  mixing  platform. 
Dump  on  this  the  correct  quantity  of  cement. 
Turn  the  cement  and  sand  thoroughly  3 or 
4 times,  using  a square-pointed  shovel,  until 
the  entire  mass  is  of  a uniform  color,  abso- 
lutely without  streaks  of  brown  or  gray. 
Measure  out  the  required  quantity  of  pebbles 
or  broken  stone.  Sprinkle  it  so  that  every- 
where the  surface  is  wet.  Add  it  to  the  mixed 
sand  and  cement.  Turn  the  entire  mass 
once  or  twice.  Then  add  water,  preferably 
from  a hose  spray  or  from  a sprinkling  pot, 
while  some  one  keeps  turning  the  sand  and 
pebbles,  so  as  to  prevent  the  cement  from 
being  washed  away.  Turning  should  be  con- 
tinued until  the  mass  is  of  a quaky,  or  jelly- 
like,  consistency. 

Quantity  of  water.  Too  much  water  is  as 
baa  as  too  little.  The  right  consistency  in 
concrete  mixtures  is  very  important,  for  sev- 
eral reasons.  Correct  proportions  and  correct 
consistency  insure  water-tight  concrete.  A 
mass  that  is  mixed  too  dry  cannot  be  com- 
pacted to  the  utmost  densitv  in  the  forms, 
and  will  not  make  water-tight  concrete.  A 
quaky,  or  jellylike,  consistency  will  not  flow. 
If  placed  in  a pile,  it  will  remain  as  placed 
until  slightly  disturbed,  when  it  will  tend  to 
flatten  out.  It  can  be  carried  on  a shovel 
without  spilling,  while  a wetter  mixture  will 
flow  and  will  cause  the  sand-cement  mortar 
to  separate  from  the  pebbles. 

Machine  mixers.  Practically  all  makes  of 
mixers  to-day  are  of  what  are  known  as  the 
41  batch  type.”  This  means  that  separately 
measured  materials  must  be  placed  in  the 
drum  thus  insuring  that  each  batch  is  properly 

Sroportioned  and  not  the  result  of  guesswork. 

fixers  come  in  various  capacities.  Small 
ones  for  farm  use  may  be  had  for  $75  and 
upward,  in  most  cases  complete  with  gasoline 
engine  to  operate.  Several  manufacturers 
make  small  mixers  in  which  the  drum,  or 
mixing  receptacle,  consists  of  a barrel  which 
has  vanes  or  blades  mounted  on  the  inside. 
The  barrel  is  revolved  until  the  concrete 


Fig.  421.  A small  engine-driven  concrete  mixer, 
;ood  for  the  farmer  who  does  much  construction  work. 
,t  is  tipped  and  emptied  by  means  of  the  crank. 


is  mixed,  and  is  then  tilted,  to  dump  out  the 
contents.  Other  mixers  have  cylindrical  or 
cube-shaped  drums;  but  all  have  certain  fun- 
damental principles  in  common. 

The  choice  of  a mixer  for  farm  use  is  largelv 
a matter  of  deciding  upon  the  capacity  which 
it  is  desired  the  machine  shall  have,  rather 
than  upon  its  make.  In  this  connection  it 
may  be  well  to  mention  that  many  fanners 
make  their  own  patent  fertilizer,  and  that 
those  who  have  been  most  successful  have 
mixed  the  ingredients  in  a medium-sized 
batch  concrete  mixer.  This  illustrates  the 
point  that  a power-operated  mixer  can  be 
made  to  earn  its  cost  in  another  way  than  in 
using  it  for  concrete  construction. 

Time  of  mixing.  When  mixing  concrete 
by  hand,  the  tendency  is  to  slight  the  opera- 
tion somewhat,  because  there  is  some  work 
about  hand  mixing  and  the  men  on  the  job 
get  tired  toward  the  end  of  the  day,  and  later 
batches  are  likely  to  be  not  so  well  mixed  as 
earlier  ones.  No  definite  time  for  mixing 
can  be  stated,  when  hand  mixing  is  being 
followed.  Then  it  is  simply  a question  of 
turning  the  materials  until  the  mass  is  of  a 
uniform  color  and  consistency  and  the  various 
materials  have  been  thoroughly  combined 
with  one  another.  A machine  mixer  does 
not  get  tired,  and  the  time  of  mixing  can  be 
definitely  stated.  After  all  materials  have 
been  placed  in  the  drum,  it  should  be  revolved 
for  a definite  number  of  revolutions  or  a 
definite  period  of  time.  Manufacturers  base 
the  number  of  revolutions  on  the  time  re- 
quired to  make  them,  and  this  usually  amounts 
to  at  least  1 full  minute  of  mixing.  One 
minute  and  a half,  however,  is  better,  since 
it  has  been  proved  that  the  time  occupied  in 
mixing  has  great  influence  on  the  strength  of 
the  resulting  concrete. 

No  more  concrete  should  be  mixed  at  any 
one  time  than  can  be  used  within  about 
30  minutes.  Neither  should  sand  and  ce- 
ment be  combined  any  considerable  time 
in  advance  of  adding  the  pebbles  or  broken 
stone  and  mixing  water.  Dampness  of  the 
sand  will  cause  the  cement  to  commence 
hardening,  and  thus  destroy  part  of  its  effect- 
iveness when  the  remainder  of  the  materials 
are  added  and  the  batch  of  concrete  com- 
pleted. Loam  and  clay  are  more  likely  to 
remain  moist  than  is  clear  sand,  which  is  one 
reason  why  the  latter  should  be  carefully 
chosen  and,  if  necessary,  washed  before  it  is 
used.  The  hardening  action  that  takes 
place  when  cement  and  water  are  combined 
commences  very  soon  after  the  combination. 
This  will  have  progressed  far  enough  within  a 
period  of  30  minutes,  so  that  after  that  time 
any  unused  concrete  should  be  thrown  away. 
Neither  concrete  nor  mortar  that  has  com- 
menced to  harden  should  be  retempered, 
as  it  is  called,  by  adding  more  water  and  re- 
mixing. Such  concrete  or  mortar  will  not 
have  full  strength. 
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Forms 

What  they  are.  Forms,  or  molds,  are  the  receptacles  in  which  concrete  is 
placed  immediately  after  mixing,  so  that,  when  hardened,  it  will  take  the  shape 
desired.  For  most  work,  forms  are  made  of  wood.  Where  a particularly  smooth 
surface  is  desired  as  on  an  exposed  wall  face,  forms  should  be  of  planed  lumber. 
A still  smoother  finish  can  be  obtained  by  lining  the  forms  with  sheet  steel.  The 
concrete  will  stick  less  to  forms  made  of  planed  lumber  or  lined  with  metal  forms 
than  to  those  made  of  rough  lumber.  Also,  the  concrete  surface  resulting  from  the 
use  of  well-made  forms  is  much  more  pleasing. 

In  foundation  work,  forms  are  often  unnecessary  for  that  portion  of  the  work 
below  ground;  that  is,  when  the  earth  is  so  firm  that  the  walls  of  the  trench  are 
self-sustaining.  When  concrete  has  been  placed  to  ground  level,  forms  will, 
of  course,  be  required  for  any  further  work.  For  a basement  or  cellar  wall,  it  may 
be  that  only  an  inside  form  will  be  needed.  It  is  necessary,  of  course,  where  the 
foundation  is  to  serve  as  an  inclosure  for  the  basement  or  cellar,  that  the  interior 
face  of  tiie  work  be  smooth  and  well-finished.  It  is  also  necessaiy  that  the  founda- 
tion wall  be  water-tight,  and  in  such  cases  the  concrete  can  be  placed  more  satis- 
factorily by  using  forms  than  by  depending  solely  on  the  earth  trench. 

Form  construction/"  For  small  buildings,  being  planed,  so  that  cement  and  water  will 
form  studs,  or  uprights,  to  which  the  sheaths,  not  run  through  joints  while  the  concrete  is 
or  form  boards,  are  nailed,  may  be  2 x 4’s  or  being  placed.  Only  ordinary  carpenter  skill 
2 x 6’s,  placed  from  18  inches  to  2 feet  apart,  is  required  to  build  forms  for  most  concrete 
The  sheathing  boards  must  be  either  tongued  work;  but  all  concrete  form  work  requires 
and  grooved  or  tightly  jointed  on  the  edges  by  careful  thought,  to  plan  for  window  and  door- 
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way  openings  and  for  any  other  departure 
from  a plain,  straight  surface  in  the  structure 
being  built. 

Setting  up  forms.  Forms  must  be  set  up 
plumb  and  straight  to  line  and  be  well  braced 
with  stiff  braces,  to  prevent  them  from  bulging 
out  of  shape,  from  ramming  or  compacting  of 
the  concrete  when  placing.  They  must  also  be 
set  at  the  correct  distance  apart  and  tied  or 
clamped,  so  that  they  will  remain  the  re- 
quired fixed  distance  apart  while  the  concrete 
is  being  placed,  in  order  that  the  concrete 
section  wall,  or  whatever  it  may  be,  may  have 
the  required  thickness.  Wire  ties,  or  bolts, 
drawn  against  wood  spacers  in  the  forms  are 
used  to  hold  them  a fixed  distance  apart. 
As  the  concrete  is  placed  up  to  the  wood 
spacers,  the  latter  are  removed. 

Ties  and  spacers.  When  wire  ties  are  used, 
they  are  usually  cut  when  the  forms  are  re- 
moved, the  mam  piece  of  wire  is  left  in  the 
concrete,  and  the  projecting  ends  are  cut  off, 
the  wire  ends  being  hidden  Dy  pointing  up  or 
plastering  the  holes  with  a little  cement- 
sand  mortar.  If  bolts  are  used  as  form  ties 
they  must  be  greased  before  the  concrete  is 
placed,  so  that  they  can  be  knocked  out  of 
the  concrete  afterwards.  The  resulting  holes 
are  then  pointed  or  plastered  up  with  cement 
mortar. 

Wetting  or  oiling  forms.  Before  concrete 
is  placed,  the  forms  should  be  well  wet  down, 
to  prevent  the  concrete  from  sticking.  Some- 
times, forms  are  wiped  or  lightly  painted  with 
a mixture  of  linseed  oil  ana  kerosene,  to  pre- 
vent the  concrete  from  sticking.  This  is  very 
effective,  but  not  so  economical  as  wetting 
them  down.  However,  if  forms  must  be 
used  a number  of  times,  oiling  them  before  use 
each  time  makes  them  last  longer,  because 
the  lumber  absorbs  the  oil,  thus  preventing 
absorption  of  water  from  the  concrete  and,  in 
turn,  preventing  warping  and  bulging. 

Kind  of  lumber  to  use.  For  most  form 
work,  air-dried  lumber  is  better  than  green 
or  kiln-dried  lumber.  Green  lumber  is  likely 


to  dry  out,  causing  cracks  between  sheathing 
boards,  while  kiln-dried  lumber  is  likely  to 
bulge  and  swell  through  absorbing  water 
from  the  concrete. 

Form  removal.  A very  important  detail 
of  concrete  work  has  to  do  with  the  time  of 
form  removal.  Concrete  hardens  best  in 
moderately  warm  weather,  provided  it  is  not 
allowed  to  dry  out  rapidly.  Forms  can  often 
be  removed  from  wall  sections  in  from  24  to 
36  hours  after  the  last  concrete  is  placed.  In 
cold  weather,  concrete  hardens  very  slowly. 
It  is  not  possible  to  say  definitely  when  forms 
may  safely  be  removed  from  any  concrete 
work.  This  is  a matter  dependent  entirely 
upon  the  temperature  and  weather  conditions 
under  which  the  concrete  has  hardened,  and 
the  proper  time  for  removal  must  be  deter- 
mined by  experience  coupled  with  good  judg- 
ment. 


The  Placing  of  Concrete  and  the  Treatment  of  Surfaces 

Immediately  after  mixing,  concrete  should  be  placed.  The  mixing  platform, 
or  mixer,  should  be  as  near  as  possible  to  the  place  where  the  concrete  is  to  be 
used,  so  that  the  material  will  not  have  to  be  handled  unnecessarily.  It  should 
be  shoveled  directly  from  the  mixer  platform  into  the  forms,  or  dumped  direct 
from  the  mixer  into  them.  If  a quaky  concrete  is  being  used,  it  should  be  puddled 
or  spaded  in  the  forms.  An  old  garden  spade  flattened  or  a hoe  straightened  out 
makes  a good  tool  for  this  purpose.  It  is  used  by  working  it  up  and  down  in  the 
concrete  next  to  and  between  the  form  faces,  so  as  to  settle  the  concrete  thor- 
oughly. The  more  spading  that  is  done  next  to  the  form  faces,  the  denser  and 
smoother  will  be  the  resulting  concrete  surface,  because  spading  forces  back  the 
coarse  particles,  and  allows  the  sand-cement  mortar  to  come  next  to  the  forms, 
thus  preventing  pebble  pockets  on  the  surface. 

Concrete  should  be  placed  in  layers  of  from  6 to  8 inches.  Deeper  layers 
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Fig.  424.  Part  of  simple 
form  showing  how  block  can 
be  placed  to  mortise  end  of 
_ wall  either  for  appearance  or 

to  admit  a sliding  division  board,  a door  frame,  or  the 
tongue  of  another  section  of  wall  with  which  a strong 
joint  is  desired. 
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cannot  be  properly  spaded  so  that  they  will  unite 
with  the  concrete  previously  placed.  Also,  concreting 
operations  should  be  carried  on  as  continuously  as 
possible,  so  that  there  will  be  few  con- 
struction seams  or  lines  of  cleavage  in 
the  work.  This  is  especially  necessary 
when  tanks,  troughs,  and  similar  re- 
ceptacles that  must  be  water-tight  are 
being  built.  Sometimes,  however,  it  is 
not  possible  to  continue  the  work  with- 
out interruptions;  in  such  cases,  when 
leaving  off  work,  the  concrete  should 
be  roughened  in  the  forms.  Then, 
when  concreting  is  resumed,  this 
roughened  surface  should  be  scrubbed 
with  a broom  and  water  and  painted 
with  a cement  mortar  paint  made  by 
mixing  portland  cement  and  water  until  a creamlike  mixture  results.  This  paint 
is  then  applied  to  the  scrubbed  surface  in  the  forms  and  fresh  concrete  placed 
at  once.  If  properly  done,  this  will  prevent  a leaky  construction  joint. 

Protecting  finished  work.  The  action  which  takes  place  when  cement  and 
water  are  combined  is  a chemical  one.  The  process  is  technically  called  “hy- 
dration.” It  is  commonly  referred  to  as  “a  process  of  crystallization,”  and  this 
accurately  describes  it.  A certain  amount  of  water  is  necessary  to  complete  this 
chemical  change,  or  complete  crystallization,  which  leads  to  hardening,  in  other 
words,  to  make  the  cement  set.  This  setting  of  cement  is  what  causes  the 
hardening  of  concrete.  It  cannot  take  place  properly,  naturally,  and  completely 
unless  all  of  the  water  which  is  used  in  making  the  concrete  mixture  can  be  re- 
tained in  the  concrete  until  hardening  is  complete.  To  insure  this,  it  is  necessary 
that  when  the  work  is  finished  it  shall  be  protected  in  some  way  to  prevent  loss  of 
water.  Many  persons  have  the  wrong  impression  that  the  hardening  of  concrete 
is  a drying  action.  This  is  exactly  the  reverse  of  what  should  take  place.  If  the 
concrete  is  allowed  to  dry  out,  it  will  not  attain  the  same  degree  of  hardness  as 
when  prevented  from  drying  out.  Therefore,  when  concreting  has  been  finished, 
some  means  must  be  taken  to  protect  the  work.  What  this  protection  must 
consist  of  depends  upon  the  nature  of  the  work  and  the  time  of  year.  Some- 
times, the  only  protection  required  is  that  secured  by  leaving  the  forms  in  place 
for  several  days  and  keeping  the  work  thoroughly  wet  down.  In  other  cases, 
the  work  must  be  covered  with  wet  burlap,  hay,  straw,  or  similar  material,  and 
this  covering  be  kept  wet  down  for  several  days.  Many  leaky  tanks,  troughs, 
walls,  etc.,  have  resulted  from  failure  to  protect  the  concrete  after  placing.  This 
one  detail  is  very  important;  indeed,  it  is  almost  equal  in  importance  to  the  cor- 
rect proportioning,  mixing,  and  placing  of  materials. 


Finishing  concrete  surfaces.  A concrete 
surface  may  be  pven  several  different  kinds 
of  treatment,  if  it  is  desired  to  vary  the  ap- 
pearance from  that  obtained  merely  by  con- 
tact with  the  forms.  If  forms  are  well  made 
and  the  concrete  is  properly  placed,  no  after- 
treatment  is  needed  for  the  average  concrete 
surface;  but,  as  concrete  is  very  faithful  in 
reproducing  any  irregularity  of  form  work,  it 
may  be  necessary  to  go  over  the  surface  in 
some  way,  to  remove  unpleasing  irregularities. 


Rubbed  surfaces.  Probably  the  simplest 
treatment  that  can  be  given  a surface  is  to  go 
over  it  with  a brick  or  carborundum  stone 
after  the  forms  are  removed,  keeping  the 
surface  wet,  and  rubbing  all  over  with  the 
brick  or  stone,  to  grind  down  form  markings. 
Sometimes,  a cement  water  paint  is  applied, 
but  as  a rule  such  applications  peel  off  after  a 
while  and  leave  the  surface  more  unsightly 
than  were  no  such  treatment  given. 

Colored  surfaces.  Concrete  can  also  be 
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colored  by  combining  with  the  mixture  a small 
amount  of  some  mineral  coloring  matter. 
Only  mineral  piements  should  be  used,  because 
in  tune  other  colors  fade  and  they  usually  fade 
unevenly,  so  that  the  resulting  surface  is  much 
more  displeasing  than  it  would  have  been  if 
no  attempt  had  been  made  to  color  it. 

Slap-dash  and  pebble-dash.  Concrete  sur- 
faces that  are  to  be  plastered  or  stuccoed 
can  be  varied  in  a number  of  ways.  Usually, 
a thin  mortar  is  thrown  against  the  concrete 
surface  from  paddles.  After  a little  exper- 
ience, very  pleasing  surfaces  can  be  produced 
in  this  way,  the  mortar  being  colored  with 
mineral  pigments;  and,  if  the  work  is  properly 
done,  the  surface  is  referred  to  as  having  a 
“slap-dash”  finish. 

A “pebble-dash”  finish  is  secured  by  plas- 
tering the  surface  with  cement  mortar  as  soft 
as  can  be  worked  under  the  trowel  and,  before 
this  mortar  has  commenced  to  harden,  throw- 
ing against  it  clean,  hard,  uniformly  graded 
pebbles.  If  before  they  are  thrown  against 
the  surface,  the  pebbles  are  wet  with  cement 
water  paint,  they  will  adhere  more  firmly 
to  the  surface. 

Tooled  surfaces.  Sometimes,  a concrete 
surface  is  tooled,  this  usually  being  done  by 
going  over  it  with  a bush-hammer  or  pein 
hammer,  such  as  stonecutters  use.  A con- 
crete surface  cannot  be  finished  in  this  way, 
however,  until  it  is  36  days  or  more  old,  so 
that  the  hammer  or  cutting  tool  will  not  dis- 
lodge or  loosen  particles  of  aggregate  from 
the  surface.  This  manner  of  finish  is  la- 
borious and  somewhat  expensive  and  is  not 
often  used,  except  on  buildings  that  require 
some  treatment  to  produce  a desired  archi- 
tectural effect. 

Washing  and  scrubbing  the  surface.  Other 
surface  finishes  are  secured  by  washing  or 
scrubbing  off  the  film  of  cement  from  the  sur- 
face of  the  aggregate  particles.  Washed 
surfaces,  however,  are  usually  confined  to 
more  or  less  ornamental  objects  such  as  vases, 
lawn  benches,  sundial  pedestals,  etc.  Prep- 
aration for  securing  such  surfaces  is  usually 
made  when  the  concrete  is  mixed,  and  consists 
principally  of  using  selected  aggregate  for  some 
desired  color  that  it  is  intended  to  expose  on 
the  concrete  surface  by  the  scrubbing  or 
washing  process.  If  forms  can  be  removed 
within  24  hours  after  the  concrete  has  been 
placed,  the  aggregate  surfaces  can  usually  be 
exposed  by  scrubbing  down  the  concrete 
with  a stiff  brush  ana  water.  If,  however, 
the  concrete  has  hardened  too  much  to  allow 
this,  it  is  necessary  to  use  an  add  wash.  A 
common  one  consists  of  1 part  muriatic  add 
to  3 or  4 parts  of  water.  Scrubbing  must  be 


done  quickly,  the  work  watched  carefully, 
and  the  surface  drenched  with  water  imme- 
diately the  surface  film  of  cement  has  been 
removed,  so  that  the  action  of  the  add  will 
be  stopped.  Otherwise,  it  would  go  on  acting 
with  the  cement  and  would  finally  loosen  the 
aggregate  particles  from  the  surface. 

Painting.  Very  rarely  is  a concrete  surface 
painted.  If,  however,  it  is  desired  to  paint 
the  concrete,  a paint  prepared  especially  for 
that  purpose  must  be  used  and  the  concrete 
must  be  dry  and  thoroughly  hardened  before 
the  paint  is  applied.  There  are  in  concrete 
some  free  lime  and  other  chemicals  that  act 
on  ordinary  paints  and  prevent  them  from 
adhering  permanently  to  the  concrete. 

Waterproofing.  No  waterproofing  treat- 
ment is  necessary  with  concrete  that  has  been 
properly  proportioned,  mixed,  placed,  and 
protected  after  finishing.  If,  through  faulty 
workmanship,  however,  the  concrete  is  not 
water-tight,  there  are  several  treatments 
that  can  be  applied  to  render  it  so.  One  of 
these  is  what  is  known  as  the  Sylvester  process, 
which  consists  in  the  application  of  alternate 
solutions  of  soap  and  alum  to  the  surface. 
Details  of  the  treatment  are  as  follows: 

Two  solutions  are  used  in  this  treatment. 
The  first  consists  of  three-quarters  pound  of 
soap  to  1 gallon  of  water;  the  second  of  half 
pound  of  alum  to  4 gallons  of  water. 

The  surface  to  be  treated  should  be  per- 
fectly clean  and  dry. 

The  soap  wash  should  be  painted  on  when 
at  boiling  heat.  This  should  remain  24  hours, 
after  which  the  second,  or  alum,  wash  should 
be  painted  on  in  the  same  manner.  These 
coats  may  have  to  be  repeated  alternately 
a second  time,  until  the  walls  are  made  im- 
pervious to  water.  The  alum  and  soap  thus 
combined  form  an  insoluble  compound,  filling 
pores  in  the  concrete. 

Another  treatment  for  the  same  purpose 
consists  in  painting  the  surface  several  times 
with  a solution  of  water  glass  in  water.  Water 
glass  is  chemically  known  as  silicate  of  soda. 
This  chemical,  also,  reacts  with  free  chemicals 
in  the  concrete  and  closes  the  pores.  Several 
applications  may  be  necessary  to  produce  the 
required  effect. 

Various  compounds  are  sold  as  water- 
proofing mediums.  Some  of  these  are  mixed 
with  the  dry  materials  when  the  concrete  is 
proportioned;  others  are  applied  to  the  fin- 
ished work;  and,  while  all  of  them  have  some- 
thing to  recommend  their  use,  none  of  them 
will  take  the  place  of  good  workmanship.  In 
other  words,  the  workmanship  cannot  be 
slighted  merely  because  some  one  of  these 
waterproofing  compounds  is  being  used. 


Reinforcing  Concrete 

Probably  the  most  notable  property  of  concrete  is  its  compressive  strength; 
that  is,  its  ability  to  carry  heavy  loads  placed  directly  upon  it.  In  fact,  the  first 
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use  that  was  ever  made  of  concrete  was  to  build  mass  work  or  heavy  f oundations. 
Experiments  with  concrete  proved,  however,  that  it  was  possible  to  extend  its 
use  to  practically  every  part  of  the  building  by  imbedding  in  it  reinforcing  ma- 
terial in  the  shape  of  steel-wire  mesh  or  steel  rods.  Concrete  is  not  very  strong 
in  tension,  that  is,  in  resisting  loads  that  tend  to  bend  it  or  pull  it  apart.  But,  if 
suitable  reinfordng  material  be  placed  in  it,  it  can  be  used  for  beams,  roofs,  col- 
umns, and  other  parts  of  structures,  just  as  any  other  building  material  may  be 
used,  and  with  decided  advantage,  as  compared  with  other  materials,  because 
concrete  is  fireproof  and,  unlike  other  materials,  grows  stronger  as  it  grows  older. 


Where  reinforcing  is  necessary.  As  a rule, 
concrete  foundations  do  not  require  rein- 
forcing. Building  walls,  however,  over  a 
certain  length  should  have  suitable  rods  or 
mesh  fabric  embedded  in  them,  to  take  care 
of  stresses  or  strains  resulting  from  changes 
of  volume  in  the  concrete  under  different 
temperature  conditions,  because  concrete, 
like  other  material,  expands  and  contracts  as 
the  temperature  rises  and  falls.  Reinforcing 
is  necessary  in  some  other  uses  of  concrete, 
such  as  beams,  columns,  fence  posts,  etc. 
Probably  no  better  example  of  the  principle 
of  reinforcing  concrete  can  be  chosen  than 
the  ordinary  fence  post.  If  a concrete  fence 
post  were  made  without  reinforcing,  it  would 
probably  break  in  the  fence  line  very  quickly 
because  of  the  pull  of  the  fence  wires  on  it. 
Or,  if  not  from  this  cause,  if  stock  tried  to 
break  in  or  out  of  the  inclosure,  it  would  not 
take  much  of  a blow  to  break  the  post  off  at 
the  ground.  If  steel  rods  are  properly  placed 
in  the  concrete,  such  breaking  cannot  occur. 
But  the  rods  must  be  properly  placed.  Many 
persons  think  that  a smgle  rod  or  piece  of  gas- 
pipe  at  the  centre  of  the  post  accomplishes  all 
that  is  necessary  in  the  way  of  reinforcing. 
This  can  readily  be  proved  incorrect  by  refer- 
ence to  the  two  accompanying  sketches. 

The  first  (Fig.  425)  is  supposed  to  illustrate 
a beam  which  has  been  cut  in  two  at  its  cen- 
tre and  joined  by  a hinge.  The  two  ends  of 
the  beam  rest  on  supports,  as  shown.  At  the 
top  of  the  hinged  joint  is  supposed  to  be  a 
block  of  rubber;  at  the  bottom,  a coiled  steel 
spring.  It  requires  no  imagination  to  see 
that,  if  a load  is  placed  on  top  of  the  beam, 
it  will  bend  at  the  hinged  joint;  and,  supported 
at  the  two  ends  as  it  is,  this  bending  under  load 
will  tend  to  close  the  gap  at  the  top,  where 
the  piece  of  rubber  is  inserted,  ana,  at  the 
same  time,  make  the  gap  at  the  bottom,  where 
the  coiled  spring  is,  wider.  In  other  words. 


ftubb*r 


Coi/md  spring  Mk 

Support^ 

Fig.  425.  Diagram  showing  the  effect  of  the  strain  on 
a supporting  beam  held  at  the  ends  (See  text) 


the  rubber  will  be  squeezed  together,  or  com- 
pressed, while  the  spring  will  be  pulled,  or 
lengthened;  that  is,  the  spring  will  receive 
the  pulling  strain  and,  at  the  same  time,  will 
tend  to  resist  the  bending.  Suppose  now  that, 
instead  of  being  broken  and  hinged  as  shown, 
the  beam  is  made  solid  and  a steel  rod  ia 


Fig.  426.  Diagram  showing  how  and  why  vertical 
reinforcing  is  effective 


imbedded  in  the  concrete,  say,  half  inch  or 
more  from  the  lower  face  of  the  beam.  The 
adhesion  between  the  concrete  and  steel  will 
compel  the  steel  to  resist  the  tendency  to 
bend;  that  is,  it  will  take  up  the  tensile  strain 
brought  about  by  the  load  on  the  beam. 

Another  example  is  given  in  the  second 
illustration  (Fig.  426).  This  shows  the 
manner  in  which  the  bending  strains  on  a 
concrete  beam  act  and  may  be  resisted. 
Figure  a is  intended* to  show  several  planks 
or  boards,  laid  one  on  top  of  the  other  and 
separated  at  their  ends.  If  they  are  long 
enough,  they  will  naturally  bend  from  their 
own  weight,  while,  if  a load  is  placed  upon 
them,  they  will  bend  still  more  and  in  bending 
will  slip  past  or  along  each  other,  thus  causing 
their  ends  to  become  uneven,  as  shown.  It 
these  planks  are  bolted  together,  as  shown  in 
Figure  6,  the  slipping  will  be  prevented  and 
the  planks  will  lie  practically  straight. 

The  principle  of  reinforcing  concrete  is 
applied  by  every  farmer  who  has  strengthened 
his  singletrees  to  withstand  the  pull  or  strain 
of  the  team  by  bolting  a piece  of  strap  iron 
along  their  back  face. 

Steel  is  to  be  preferred  above  all  other 
materials  for  reinforcing  concrete.  In  fact, 
steel  is  the  only  material  used.  The  reason 
for  this  is  that  steel  is  the  only  material  which 
expands  and  contracts  under  changes  of 
temperature  in  the  same  degree  or  ratio  as 
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does  eoncrete.1  This  is  very  necessary,  as  it  pre- 
vents the  breaking  of  the  bond,  or  adhesion  be- 
tween the  concrete  and  the  reinforcement;  and 
this  bond,  or  adhesion,  is  necessary  to  secure 
the  full  effectiveness  of  the  reinforcement. 

Installing  fittings  in  concrete.  Anchor 
bolts,  hinge  eyes,  and  various  other  fittings 
that  are  to  be  attached  in  concrete  for  setting 
machines  or  for  hanging  gates  or  doors  should 
be  arranged  for  when  the  forms  are  made. 
Anchor  bolts  can  be  suspended  from  cross- 
pieces resting  on  forms  (Kg.  427). 


Anchor  bolts  for  setting  gas  engines  are 
laced  in  a similar  manner.  In  such  cases, 
owever,  care  must  be  taken  to  make  an 
accurate  template,  bored  so  that  the  position 
of  holes  in  it  will  correspond  exactly  to  the 
position  of  holes  in  the  machine  or  other 
device  to  be  set. 

Concrete  can.  of  course,  be  drilled  and  bolts 
be  leaded  in  place  after  the  work  has  been 
finished,  but  it  is  much  more  satisfactory  to 
provide  for  them  at  the  time  the  work  is  go- 
ing on. 


The  desirability  of  using:  concrete  as  largely  as  possible  in  farm  buildings  has 
often  been  urged  elsewhere  in  this  work.  In  the  following  paragraphs,  the  places 
where  it  may  be  advantageously  employed  by  the  farmer  are  more  specifically 
set  forth  together  with  some  helpful  information  in  reference  to  dimensions  of 
various  structures  and  to  the  materials  for  concrete  and  reinforcement. 


Some  Things  a Farmer  Can  Maks  With  Concrete 


Floors,  walks,  driveways,  etc.  Floors, 
walks,  and  driveways  are  similar  classes  of 
concrete  pavements.  A description  of  one 
serves  as  a guide  for  the  construction  of  the 
others,  with  out  a few  minor  exceptions. 

Perhaps  the  most  profitable  kind  of  con- 
crete floor  that  the  farmer  can  lay  is  a feeding 


floor  or  barnyard  pavement.  On  such  floors 
no  grain  or  fodder  fed  to  animals  is  lost,  nor 
is  any  trampled  in  the  mud.  Floors  in  dairy 
bams  or  cow  stables  and  in  hogpens  are  de- 
sirable, profitable,  and  sanitary  improve- 
ments. All  of  these  classes  of  floors  are  usu- 
ally laid  on  the  ground.  A feeding  floor  is 
built  just  like  a sidewalk.  In  fact,  a feeding 
floor  is  nothing  but  a series  of  sidewalks  laid 
side  by  side. 

Feeding  floors,  barnyard  pavements,  and 
dairy-barn  floors  must  be  laid  on  firm,  well- 
drained  soil.  If  the  area  where  the  floor  is 
to  be  laid  is  not  firm,  it  should  be  made  so 
by  thorough  rolling  and  tamping.  If  the  soil 
is  not  well  drained,  then  tile  drains  should  be 
laid  at  the  edges  of  the  floor,  these  drains  lead- 
ing to  some  suitable  outlet,  so  that  water  will 
be  kept  from  beneath  the  concrete.  Feeding 
floors  are  usually  made  5 inches  thick  and  of  a 
1:2:3  one-course  concrete.  This  means  that 
the  same  mixture  of  concrete  is  used  for  the 
entire  thickness  of  the  floor.  Two-course 
floors  or  pavements  consist  of  a 1 :2 J :5  base  on 
which  is  laid  a 1:2  cement-mortar  top,  or 
wearing  course.  The  base  is  usually  4 inches 
thick,  and  the  top,  or  wearing,  course,  1 inch. 
Where  floors,  walks,  driveways,  or  similar 
pavements  are  to  be  used  by  loaded  wagons, 
they  should  be  not  less  than  6 inches  thick. 

Feeding  floors  and  barnyard  pavements  are 
usually  built  in  slabs  from  6 to  6 feet  square, 
but  in  no  case  exceeding  10  feet  square. 

Concrete  walks  about  the  farm  are  rarely 
more  than  3 feet  wide,  and  the  slabs  may  be 
from  3 to  5 feet  long.  Walks  are  sometimes 
made  no  more  than  4 inches  thick.  This 
is  all  right  where  there  is  little  freezing  and  ex- 
pansion of  wet  soil;  but,  in  general,  a thickness 
of  6 inches  is  to  be  preferred.  One-course 
construction  is  better  than  2-course,  because 
there  is  no  possibility  of  separation  between 
the  base  and  the  top  course,  as  sometimes  hap- 
pens in  2-course  work  when  the  top  course  is 
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not  laid  until  after  the  base  has  commenced 
to  harden. 

Finishing  concrete  walks,  floors,  and  pave- 
ments with  a wooden  float  is  better  than  fin- 
ishing them  with  a steel  trowel.  A wooden 
float  gives  an  even,  vet  gritty,  texture  to  the 
surface,  that  provides  a good  foothold  for 
man  as  well  as  for  beast. 

Protection  of  concrete  floors  and  pavements 
immediately  after  laying  is  very  important. 
As  soon  as  the  concrete  is  hard  enough  to  re- 
sist the  pressure  of  one's  thumb,  it  should  be 
covered  with  a 2-inch  layer  of  moist  earth. 
This  covering  should  be  kept  wet  by  sprink- 
ling several  times  daily  for  a week,  before  the 
walk  or  floor  is  put  into  use.  If  the  pavement 
is  to  be  driven  over,  it  should  remain  unused 
for  at  least  2 weeks  after  laying. 

Concrete  feeding  floors  are  usually  built 
with  a curb  and  apron  around  them.  The 
curb  prevents  animals  from  shoving  food  off 
while  eating,  while  the  apron,  extending  down 
12  inches  or  more  below  the  base  of  the  floor, 
prevents  hogs  from  rooting  underneath. 

Concrete  feeding  floors  and  barnyard  pave- 
ments are  easily  kept  in  sanitary  condition. 
It  is  customary  to  slope  such  floors  and  pave- 
ments slightly  in  2 directions  and  at  the  low 
point  to  connect  with  a tile  drain  leading  to  a 
concrete  manure  pit.  This  arrangement  saves 
eveiy  bit  of  fertilizer  and  adds  to  the  profit  of 
the  improvement. 

Foundations.  For  most  buildings  that  re- 
quire strength  rather  than  water-tightness, 
foundations  are  made  of  a 1:2$: 5 or  a 1:3:6 
concrete.  For  small  farm  buildings  like 
poultry  houses  and  hoghouses,  which  are 
rarely  more  than  1 story  high,  foundation 
walls  need  not  be  more  than  6 or  8 inches 
thick.  It  is  difficult,  however,  to  dig  such  a 
narrow  trench  to  proper  bearing  soil;  conse- 
quently they  are  often  made  thicker,  es- 
pecially when  the  concrete  is  to  be  deposited 
without  forms.  If,  however,  excavating 
would  have  to  be  continued  too  far  to  reach 
firm  bearing  soil,  then  the  trench  is  made  wider 
and  the  foundation  started  by  first  laying  a 
footing  (that  is,  a layer  of  concrete  6 inches  or 
more  high  and  10  inches  or  more  wide),  to 
distribute  the  load  of  the  building  over  a 
greater  area  of  soil,  thus  helping  to  prevent 
settlement.  No  fixed  rule  can  be  given. for 
the  thickness  of  foundation  walls  nor  for  the 
width  and  thickness  of  footings,  as  these  de- 
pend on  the  size  of  the  building  and  hence  the 
load  that  the  soil  is  to  carry. 

For  poultry  houses,  hoghouses,  and  dairy 
buildings,  footings  may  be  made  6 to  8 inches 
high  and  from  10  to  12  inches  wide.  On  top 
of  this  the  foundation  wall  proper  is  started. 
Eight  inches  is  usually  thick  enough  for  such 
small  buildings.  When  ground  level  is 
reached,  the  thickness  of  the  wall  may,  in  most 
buildings  of  the  kind  mentioned,  be  reduced 
to  6 indies. 

For  2-story  houses,  foundation  walls 


should  be  about  10  inches  thick  and  should 
start  on  a footing  10  inches  high  by  15  inches 
wide.  For  heavy  barns,  foundation  walls 
may  be  from  10  to  12  inches  thick  and  should 
start  on  a footing  10  to  12  inches  high  and 
from  20  to  24  inches  wide. 

In  each  of  the  foregoing  cases,  the  dimen- 
sions for  footings  are  only  approximate,  as  the 
bearing  capacity  of  the  soil  and  the  weight  of 
the  building  to  be  carried  are  the  final  deter- 
mining factors. 

Troughs,  tanks,  manure  pits,  and  hog  wal- 
lows. Among  the  most  common  uses  of  con- 
crete on  the  farm  is  its  application  in  the 
building  of  watering  troughs  or  tanks.  Ma- 
nure pits,  cisterns,  hog  wallows,  etc.,  are 
merely  other  forms  of  tanks  and,  like  the  first- 
mentioned,  must  be  water-tight.  Watering 
troughs,  tanks,  and  cisterns  should  be  made 
of  a 1 :2:3  concrete,  while  manure  pits  and  hog 
wallows  may  be  made  of  a l:2i:4  mixture. 
In  tank  construction,  it  is  important  that  the 
work  be  carried  on  continuously,  if  possible, 
to  prevent  seams  in  the  work  througn  which 
leakage  may  occur.  However,  there  is  a way 
to  prevent  leakage  in  such  seams,  if  directions 
are  carefully  followed,  and  these  have  been 
given  above. 

Manure  pits  are  usually  built  partly  be- 
neath ground,  for  convenience  in  throwing 
manure  into  them.  Often  they  are  built  so 
that  one  end  has  a sloping  pavement  leading 
into  it,  for  convenience  in  backing  a wagon 
into  the  pit  for  loading.  Manure  pits  are 
sometimes  connected  with  cisterns  for  the 

Surpose  of  draining  into  these  receptacles  the 
quid  content  of  the  manure.  This  is 
pumped  from  the  cistern  from  day  to  day  and 
either  sprinkled  over  ttye  manure  in  the  pit, 
to  regulate  decomposition,  or  is  hauled  in 
tank  wagons  to  the  fields  and  there  sprinkled 
on  the  ground.  The  cistern  for  the  manure 
pit  should  be  of  1:2:3  concrete,  to  insure  that 
the  walls  are  thoroughly  water-tight,  thus 
preventing  seepage  of  the  contents  and  possi- 
ble contamination  of  the  domestic  water 
supply. 

All  kinds  of  tanks,  manure  pits,  and  hog  wal- 
lows must  be  properly  reinforced.  No  table 
of  reinforcement  can  be  given  for  such  struc- 
tures, because  each  change  in  shape  and  size 


Fig.  428.  Series  of  fence-post  forms  partly  cut  away 
in  front  to  show  simple  construction.  Reinforcing  rods 
should  be  used  in  these. 
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makes  a different  structure  for  which  rein- 
forcement must  be  specially  calculated. 

Concrete  water  tanks  in  the  barnyard  or 
pasture  lot  should  have  a concrete  pavement 
laid  around  them  or,  at  least,  on  the  side  from 
which  cattle  approach  the  trough  to  drink,  so 
as  to  prevent  the  surroundings  from  becoming 
a mudhole. 

The  inside  face  of  small  watering  troughs 
should  be  battered,  or  sloped,  so  that  the  walls 
of  the  tank  or  trough  will  be  thicker  at  the  bot- 
tom than  at  the  top.  This  detail  of  construc- 


due  to  ice,  when  water  in  the  tanks  freezes. 

Posts.  Posts  of  various  kinds — clothes- 
posts,  gateposts,  etc. — can  be  readily  made  in 
concrete  during  spare  hours  on  the  farm.  For 
ordinary  fence  posts,  gang  molds  can  be  made 
of  wood,  the  capacity  of  such  molds  being 
based  on  one  filling  with  a 1-sack  batch  of 
1:2:3  concrete.  If  any  considerable  numbers 
of  fence  posts  are  to  be  made,  however,  some 
one  of  the  many  good  types  of  metal  com- 
mercial molds  is  to  be  preferred,  because  a 


TABLE  I — DIMENSIONS  OF  CONCRETE  LINE  POSTS,  AND  MATERIALS  NEEDED 


Amount 

of 

rein- 

forcing 

metal 

required 


1 part  Cement  to 
parts  Sand 


1 Cement,  2 Sand,  3 Pebbles  or  Stone 


No. 

For  10  Posts 

per 

barrel 

cement 

Sacks 

cement 

Cubic 

feet 

sand 

15.1 

2.6 

7.9 

14.0 

2.8 

8.5 

13.2 

3.0 

9.1 

12.3 

3.2 

9.7 

12.2 

3.3 

9.8 

11.3 

3.5 

10.6 

10.6 

3.8 

11.3 

9.9 

4.0 

12.1 

8.2 

4.9 

14.6 

7.6 

5.3 

15.8 

7.1 

5.6 

16.8 

6.6 

6.0 

18.0 

For  10  Posts 

Sacks 

Cubic 

Cu.  ft. 

cement 

feet 

pebbles 

sand 

or  stone 
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TABLE  H— DIMENSIONS  OF  CONCRETE  CORNER  POSTS,  AND  MATERIALS  NEEDED 


DIMENSIONS 

Amount 

of 

reinforcing 

metal 

required 

each  poet 

PROPORTIONS  AND  AMOUNTS  OF  MATERIALS 

1 Cement,  3 Sand 

1 Cement,  2 Sand,  3 Pebbles  or  Stone 

Length 

in 

feet 

Size 

in 

inches 

No. 

poets 

per 

barrel 

cement 

For  1 

Post 

No. 

poets 

per 

barrel 

cement 

For  1 Post 

Sacks 

cement 

Cu.  ft. 
sand 

Sacks 

cement 

Sand 
cu.  ft. 

Pebbles 
cu.  ft. 

8 

6x6 

288 

Four 

5.6 

2.1 

7.8 

.5 

1.0 

1.6 

8 

7x7 

392 

iVinch 

4.1 

2.9 

5.7 

.7 

1.4 

2.1 

8* 

7x7 

416 

round  rods 

3.9 

3.1 

.8 

1.5 

2.2 

8' 

8x8 

512 

Four 

3.1 

3.8 

BlCT-r, 

.9 

1.8 

2.8 

8§ 

8x8 

544 

A-inch 

3.0 

4.0 

hW 

1.0 

2.0 

2.9 

9 

8x8 

575 

round  rods 

2.8 

4.3 

EKJii 

1.1 

2.1 

3.1  . 

8 

10  x 10 

799 

Four 

2.0 

2.0 

5.9 

. 

1.4 

2.9 

4.3"! 

8* 

10  x 10 

850 

li-inch 

1.9 

2.1 

6.3 

1.5 

3.1 

4.6  HI 

9 

10  x 10 

899 

round  rods 

1.8 

2.2 

6.7 

1.6 

3.2 

4.9 

10 

5x5 

250 

Four  i-inch 

6.4 

.6 

1.9 

9.0 

.4 

.9 

1.4 

12 

5x5 

300 

round  rods 

5.4 

.7 

2.2 

7.5 

.5.; 

1.1 

1.6 

smoother^finished  post  can  be  produced  and 
the  molds,  if  duly  cared  for,  will  be  much  more 
durable  than  homemade  ones.  Larger  posts, 
such  as  comer  posts  and  gateposts,  are  gener- 
ally cast  in  place,  because  of  their  weight, 
and  wooden  forms  are  erected  in  the  excava- 
tion made  for  the  purpose.  The  accompanying 
tables  give  sizes  of  posts  and  suitable  rein- 
forcing, as  well  as  quantities  of  materials 
required. 

Round  rods  are  preferable  to  other  forms  of 
reinforcing  for  concrete  posts,  principally 
because  this  type  of  steel  is  most  easy  to  ob- 
tain. Barbed  wire  and  other  scrap  material 
used  as  reinforcement  will  not  give  such  satis- 
factory results. 

Sometimes  a 12:4  mixture  is  used  for  con- 
crete posts*  This  is  all  right,  if  the  materials 
are  very  well  graded  and  the  concrete  is 
mixed  to  proper  consistency  and  very  care- 
fully placed;  but  a 1:2:3  concrete  is  better, 
because  it  will  help  to  compensate  for  im- 
properly graded  materials  and,  being  richer, 
will  be  more  certain  to  bond  securely  with  the 
reinforcement,  if  the  concrete  is  placed  right  in 
the  molds.  Square  or  rectangular  posts  are  in 
more  common  use  than  those  of  other  shapes. 

For  fence  posts,  a little  more  water  may 
be  used  in  the  mixture  than  is  required  to  pro- 
duce a quaky  consistency.  When  placing 
concrete  m the  forms,  it  should  be  stirred 
by  ramming  a stick  or  rod  along  the  edge  of 
the  form  and  by  tapping  or  jamng  the  mold 
so  as  to  cause  the  concrete  to  settle  thor- 
oughly to  all  corners  and  around  the  rein- 
forcement, releasing  air  bubbles  that  may  be 
in  the  mixture. 

For  ordinary  line  posts,  coarse  aggregate 
should  not  exceed  half  an  inch  in  greatest 
dimension.  Larger  aggregate  than  this  will 
make  the  concrete  hard  to  place  with  respect 
to  thoroughly  surrounding  the  reinforcing 
rods.  Unless  these'are  thoroughly  surroundea 


by  good  dense  concrete,  moisture  will  get 
at  them  and,  if  rusting  starts,  bursting  of  the 
concrete  will  follow.  Good,  rich  concrete 
will  prevent  this,  because  it  has  been  proved 
that  steel  can  be  indefinitely  prevented  from 
rusting  by  imbedding  it  in  good  concrete. 
If  mixtures  used  for  concrete  posts  are  of  the 
right  consistency,  it  is  usually  possible  to  re- 
move the  form  from  the  post  or  the  post  from 
the  form  in  24  hours  after  placing  concrete. 
No  attempt  should  be  made,  however,  to  move 
the  post  until  it  is  several  days  old.  Cracks 
once  opening  up  while  the  concrete  is  green 
will  always  remain  and  cause  weakness. 

After  posts  are  a week  old  and  have  hard- 
ened under  a covering  of  wet  hay  or  straw, 
they  may  be  set  outdoors  to  finish  hardening. 
They  should  not  be  used  until  they  are  at 
least  30  days  old.  What  has  just  been  said 
about  fence  posts  applies  literally  to  dothes- 
posts.  Gateposts  and  corner  posts  can  be 
made  of  a 1:2:3  concrete  in  which  the  aggre- 
gate may  be  as  large  as  three-fourths  inch  in 
greatest  dimension. 

Fittings  for  hanging  gates  should  be  cast 
in  the  post  when  the  concrete  is  placed,  pro- 


Fig.  430.  A concrete  hotbed  is  permanent,  insect- and 
decay-proof,  attractive  and  much  more  able  to  keep  the 
heat  in  ana  the  cold  out  than  any  temporary  wooden 
■tructure. 
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Fig.  431.  A concrete  walk  and  back  steps  keep 
muddy  feet  and  many  severe  colds  out  of  the  house; 
they  are  both  actually  easy  to  make. 


vision  being  made  in  the  form  to  hold  such 
fixtures  in  proper  position.  Gateposts  and 
line  posts  should  not  be  used  until  they,  also, 
are  at  least  30  days  old. 

Hotbeds.  Concrete  makes  permanent  hot- 
beds. Any  farmer  who  has  had  to  replace 
the  old  wooden  hotbed  or  cold-frame  every 
year  or  two  knows  what  this  means.  Exca- 
- vation  for  hotbed  walls  should  extend  below 
possible  frost  penetration.  Below  ground  the 
wall  may  be  from  8 to  10  inches  thick,  but 
above  it  need  not  be  more  than  5 or  6 inches. 
No  footing  is  necessary  for  hotbed  walls. 

If  any  one  stretch  of  wall  extends  no  more 
than  25  feet  in  length,  reinforcement  in  the 
wall  itself  is  not  necessary;  but  reinforcing 
rods,  4 feet  long  and  not  less  than  one-fourth 
inch  in  diameter  bent  to  the  form  of  an  “L” 
with  each  leg  equal  in  length,  should  be  em- 
bedded at  the  corners,  to  prevent  cracking 
from  changes  in  temperature  as  the  result  of 
expansion  and  contraction  of  the  concrete. 
If  hotbed  walls  are  more  than  25  feet  long. 


they  should  be  reinforced  throughout,  or 
there  should  be  provided  at  every  25  feet  a 
joint  in  the  concrete  that  will  permit  of  con- 
traction and  expansion.  This  joint  may  be 
filled  with  some  kind  of  tarred  felt. 

A 1:2$  :4  concrete  mixture  is  good  for  hot- 
bed walls.  If  well  spaded  when  placed  in  the 
forms,  no  surface  treatment  or  finish  will  be 
necessary  beyond  that  given  by  contact  of 
the  concrete  with  the  forms. 

Concrete  steps.  Concrete  steps  for  the 
cellar  or  for  the  side  or  front  porcn  are  much 
preferable  to  wooden  ones.  To  build  steps 
and  side  walls  for  the  cellar  entranceway  at 
one  operation  requires  complicated  forms; 
it  is  therefore,  customary  to  build  steps  and 
side  walls,  or  ramps,  as  they  are  called,  sep- 
arately. Either  can  be  built  first.  A riser 
must  be  laid  out  just  as  in  the  building  of 
wooden  stairs,  so  that  the  number  of  steps 
necessary  may  be  determined.  Excavating 
must  then  be  done  until  this  riser  sets  at  the 
right  slope  to  bring  the  treads  of  steps  level. 
The  soil  must  be  well  compacted  and  must  be 
excavated  far  enough  back  of  the  forms  to 
permit  at  least  4 or  5 inches  of  concrete 
where  the  riser  and  tread  join.  It  is  often 
best  to  lay  reinforcing  rods  in  this  backing, 
to  help  prevent  the  cracking.  One-quarter- 
inch  round  rods,  8 to  10  inches  apart,  will  be 
sufficient.  A 1:2$  :4  concrete  may  be  used 
both  for  side  walls  and  steps.  If  any  dif- 
ficulty is  encountered  in  smoothing  the  treads 
or  steps,  this  can  be  overcome  by  having 
ready  a little  1:2$  sand-cement  mortar  to 
apply  under  a wooden  float  while  finishing 
the  treads.  After  the  forms  have  been  re- 
moved, if  there  are  any  imperfections  in  the 
work,  these  can  be  easily  pointed  up  with 
sand-cement  mortar. 


CHAPTER  26 

General  Repair  Work  on  the  Farm 

By  Professor  R.  P.  Clarkson  (see  Chapter  11*).  Oneof  the  advantages  of  farm  life  is  Us  in- 
dependence. But  this  very  independence  makes  necessary  a certain  self-reliance,  an  abilUy  to  look 
after  one's  self  and  one's  belongings  in  emergencies . The  making  of  repairs  and  the  doing  of  odd  jobs 
about  the  farm  are  illustrations  of  the  application  of  such  abilUy.  This  chapter  mentions  but  a 
few  of  the  possible  tasks , listing  the  tools  necessary  for  their  accomplishment ; it  should , however , sug- 
gest some  of  the  many  directions  in  which  a farmer  may  develop  his  efficiency. — Editor. 

EVERY  modem  fanner  should  have  a good  kit  of  tools  and  know  how  to  use 
them.  By  so  doing  he  may  save  many  times  over  the  value  of  a great  deal 
of  delay  and  frequent  repair  bills  during  a single  season.  Not  only  is  it  advisable 
to  have  the  tools  from  the  standpoint  of  making  repairs,  but,  also,  the  possession  of 
good  tools  often  stimulates  a man  to  use  his  spare  tune  in  working  up  various 
handy  devices  and  arrangements  about  the  house  and  bam. 

Tools  required.  It  is  always  difficult  to  pick  out  a list  of  tools  required  for  any 
work  so  varied  as  that  on  the  farm.  There  are  certain  essential  ones,  but  the  owner 
of  a good  kit  acquires  them  gradually  as  the  need  is  anticipated,  and  learns  to 
know  each  separate  tool,  its  value  and  its  limitations. 

In  general,  hand  tools  are  sufficient  for  most  of  the  work,  provided  a good 
blacksmith’s  forge  is  included.  The  materials  worked  on  are  almost  always 
either  wood,  iron,  or  steel,  or  concrete,  wood  unquestionably  predominating. 
Means  must  be  provided  to  cut  and  shape  these  materials,  to  smooth  them  for 
easy  handling  and  nice  appearance,  to  repair  them  when  fractured  or  bent,  and  to 
cover  them  with  a protective  coating  when  needed.  Means  should  also  be  pro- 
vided to  connect  together  several  pieces  of  the  material,  as  with  bolts,  screws,  nails, 
etc.  To  accomplish  these  things,  the  following  tools  should  be  acquired: 


For  Working  in  Wood 

A cron-cut  saw  for  cutting  across  the  grain  of  the  wood. 

A keyhole  saw  for  sawing  interior  holes  in  boards. 

A rip  saw  for  cutting  with  the  grain. 

A back  saw  for  fine  sawing  as  in  cabinet  and  joinery 
work. 

Several  chisels  for  making  joints,  mortising,  etc. 

Several  gouges  for  slotting,  rounding  corners,  fluting, 
etc. 

A wooden  mallet  for  use  with  the  chisels  and  gouges  as 
well  as  for  striking  wood  without  marring. 

A claw  hammer  for  driving  nails  and  pulling  them  out 
as  well  as  for  use  in  striking  metal,  etc. 

A T-square  for  laying  out  work  carefully. 

A carpenter’s  level  for  plumbing  and  leveling. 

A plumb  line  for  erecting  perpendiculars. 

Carpenter’s  dividers  for  laying  out  circles. 

A brace  with  several  sizes  of  bits  for  boring  holes;  also  a 
screw  driver  fitting  the  brace,  for  handling  very  large 
screws  or  screws  in  hard  wood. 

Small  and  large  screw  drivers. 

A hand  plane  for  planing  up  boards. 

A jack  plane  for  smoothing  up  the  end  grain. 

A marking  or  scratch  gauge  for  laying  out  parallel 
edges  and  lines  in  marking  out  work. 

An  awl  for  starting  nails  ana  screws,  etc. 

A rasp  for  smoothing  up  rough  work. 

A counter  set  for  sinking  screw  heads. 

An  adze  for  shaping  up  rough  work. 


A draw  shave  for  spokes  and  round  work. 

An  ax. 

A hatchet. 

A putty  knife. 

Glue  and  brush. 

Sand  paper  for  finishing. 

Assorted  wire  nails. 

Assorted  screws.  (Beware  of  brass  screws  in  hard 
wood,  they  twist  off  easily.) 

A 2-foot  folding  rule. 

A knife. 

Several  paint  brushes. 

Lumber  crayons. 

A bottle  of  shellac. 

Carpenter’s  pencil. 

Oilstone  for  whetting  tools  to  aTceen  edge. 

A grindstone  for  roughing  tools  to  an  edge. 

An  emery  wheel  for  heavy  grinding  on  tools  and  for 
bringing  other  material  to  shape. 


The  cost  of  all  of  the  above  tools  and  ma- 
terials of  good  substantial  quality  will  total 
about  $35.  It  will  pay  to  get  the  best  steel 
in  all  cutting  tools  and  to  keep  the  tools  al- 
ways sharp,  well-oiled  and  carefully  placed  in 
a tool  chest  or  closet.  A well-oiled  tool  will 
not  rust,  so  it  is  a good  plan  frequently  to 
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wipe  each  tool  with  an  oiled  rag.  Another, 
sure  way  to  prevent  steel  from  rusting  while 
laid  away,  is  to  dip  it  while  warm  in  a solu- 
tion of  washing  soda  and  then  allow  it  to  dry 
without  handling. 

For  Working  With  Metals 

The  main  purpose  of  any  metal-working 
tool  outfit  is  to  enable  the  farmer  to  make 
necessary  changes  and  repairs  in  his  machin- 
ery. Tools  desirable  are: 

A bench  vise  for  bolding  material. 

Cooper  vise  jaws  to  hold  pieces  without  scratching 
them  or  cutting  their  surface. 

A hack  saw  for  cutting  metal,  rods,  pipe,  etc. 

Two  dozen  assorted  blades  for  hack  saw. 

Two  or  three  flat  files,  fine  and  heavy  cut. 

A rat-tail  file. 

Two  or  three  triangular  files  for  notching,  sharpening 
saws,  etc. 

A ratchet  drill  for  drilling  any  metal  in  place. 

Assorted  drills — size  for  tapping  holes. 

Centre  punch  for  marking  drill  starts. 

Ball  peen  hammer,  machinist's  style. 

Riveting  hammer,  very  light. 

Set  of  taps  with  holders,  for  threading  boles. 

Set  of  dies  for  threading  rods  and  pipe. 

Soldering  outfit  with  instructions. 

A small  bicycle  wrench. 

Two  or  three  cold  chisels. 

An  8-inch  and  a 16-inch  monkey  wrench  for  nuts. 

A 12-inch  Stillson  wrench  for  holding  pipe. 

A pair  of  wiremen’s  heavy  pliers. 

A pair  of  gas  pliers. 


A pair  of  heavy  shears. 

A gaaoUne  torch  for  soldering  and  for  thawing  pipes, 
melting  lead  for  joints,  etc. 

A small  hand  forge  for  welding  metals,  bending  metal, 
and  simple  blacksmith  work. 

Blacksmith  tongs. 

Cutting  chisel  for  metal. 

A pair  of  iron  or  steel  bench  damps. 

Shears  for  cutting  sheet  metal. 

Heavy  blacksmith  hammers. 

Assorted  bolts  and  nuts. 

Several  dozen  assorted  copper  and  soft-iron  rivets. 

Assorted  lag  screws. 

Emery  cloth. 

Cotter  pins. 

A few  odd  pieces  of  pipe  and  metal  rod. 

Washers. 

Some  sheet  tin,  brass  and  copper. 

6-inch  calipers  for  measuring  diameters. 

A 12-inch  steel  scale. 

A scratch  awl  for  marking  metal. 

Some  white  chalk  for  coating  metal  so  that  scratch 
marks  may  easily  be  seen. 

The  above  materials  should  cost  about 
$60  for  good-quality  tools  and  materials,  pro- 
vided only  small  sets  of  taps,  dies,  drills,  etc., 
are  purchased. 

A liberal  allowance  for  a complete  wood  and 
metal-working  outfit  as  listed  above,  in- 
cluding a tool  closet  or  chest,  would  be  $100'. 
Such  an  outfit  would  enable  a man  to  make 
or  repair  almost  anything  of  metal  or  wood 
provided  no  machine  work  was  required.  In 
most  cases,  especially  repair  jobs,  nothing 
more  than  skilful  hand  labor  is  needed. 


The  Use  of  Tools 

There  is  a wide  difference  between  the  use  and  the  abuse  of  tools.  No  tool 
should  ever  be  used  for  a purpose  for  which  it  is  not  intended  if  such  use  tends 
to  have  an  injurious  effect  on  its  quality  or  ability  to  do  its  work.  Tools  are 
expensive  and  each  one  is  entitled  to  receive  proper  care,  and  careful  use,  to  be 
regularly  oiled  and  sharpened  when  in  service,  and  to  be  carefully  stored  when 
not  in  use.  Every  cutting  tool  should  be  sharpened  after  continued  use  so  that 
it  will  be  in  proper  shape  when  next  needed. 


A Few  Don’ts 

Don’t  use  a wrench  as  a hammer. 

Don’t  use  a Stillson  wrench  on  nuts. 

Don’t  use  a cross-cut  saw  to  cut  with  the 
grain. 

Don’t  use  nails  for  permanent  work  under 
strain  or  twist — use  screws. 

Don’t  expect  a tool  to  stay  sharp  forever 
without  grinding  as  well  as  whetting. 

Don’t  take  anything  apart  until  you  thor- 
oughly understand  how  it  works. 

Don’t  try  to  bend  and  work  metal  when  it  is 
cold.  Better  heat  it,  even  in  a bonfire  or 
kitchen  stove. 

Don’t  be  afraid  to  tackle  any  reasonable 
task — common  sense  and  good  tods  will  go 
a long  way  and  save  you  money.  Besides 
that,  you  are  learning  something  by  doing  the 
work. 

Don’t  be  afraid  to  write  to  manufacturers, 
your  farm  paper  or  the  agricultural  colleges. 


You  can  get  good  advice  and  suggestions 
gladly  given  without  cost. 

Metal  Working 

Repairing  cast  iron.  The  main  purpose 
of  the  blacksmith  forge  is  to  prepare  metals: 
(a)  for  bending  steel  and  iron  to  shape;  (b) 
entirely  changing  their  form  by  hammering; 
(c)  cutting  heavy  metal;  (d)  welding  broken 
parts  together.  Cast  iron  does  not  lend 
itself  to  any  forge  treatment.  It  is  brittle, 
does  not  bend  without  breaking,  and  does  not 
weld  at  all  under  forge  temperatures.  It 
may,  however,  be  welded  by  a blow  torch 
witn  the  oxyhydrogen  or  oxyacetylene  process 
or  by  electrical  methods.  The  cost  of  thus 
getting  broken  cast-iron  frames,  flywheels,  and 
similar  parts  mended  is  less  than  the  cost  of 
similar  new  parts.  With  proper  skill  in 
mending,  the  strength  of  the  weld  should  be 
even  greater  than  the  previous  strength  of  the 
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piece.  More  important  now,  however,  is 
the  fact  that  the  delay  in  waiting  for  a new 
part  is  avoided. 

There  are  welding  shops  in  almost  every  town 
and  city  of  any  size,  usually  in 
connection  with  machine  shops 
or  automobile  garages  and  repair 
plants.  A small  welding  outfit  for 
home  use  will  cost  $50  and  upward, 
depending  upon  how  extensive  a 
set  of  took  is  selected.  Of  course, 
with  such  an  outfit  in  hand,  it 
is  possible  to  pick  up  consider- 
able repair  work  on  surrounding 
farms  and  thus  make  the  outfit 
pay  for  itself.  The  work  is  sim- 
ple and  quite  easy  for  any  man,  if  care  is 
taken  and  directions  carefully  followed. 

The  process  employed  is  usually  as  follows: 
The  parts  are  carefully  fitted  together  and 
arrangements  made  to  hold  them  in  place. 
They  are  then  marked  to  guide  in  refitting 
them.  The  edges  are  beveled  to  make  a sort 
of  reservoir,  ana  the  torch  applied  to  them  to- 
gether with  the  welding  strips  of  iron 
metal.  This  metal  melts,  the  fractured  faces 
of  the  pieces  become  molten,  and  the  whole 
mass  fuses  and  welds  together  at  the  melting- 
point  temperature.  This  process  purifies 
the  cast  iron  more  or  less  at  the  point  of  weld- 
ing, with  the  result  that  it  is  better  and 
stronger  metal,  less  brittle  than  the  cast  iron 
itself. 

The  use  of  the  forge.  One  of  the  first  es- 
sentials in  forge  work  is  a proper  fire.  It 
must  be  bright,  with  a good  forced  draft  that 
can  be  applied  at  will,  usually  by  means  of 
foot  or  hand  bellows.  For  the  best  work  a 
good  grade  of  coal  is  required,  although  al- 
most any  soft  coal  may  be  used  if  the  eases  are 
burned  off  before  the  metal  is  put  in  the  coals. 

Shavings  are  usu- 
ally used  for  kind- 
ling. A bucket  of 
water  should  al- 
ways be  handy  to 
sprinkle  around  the 
fire  and  keep  it  con- 
fined  to  a very 
small  area.  A good 
forge  fire  for  most 
work  can  easily  be 
covered  with  a 
dinner  plate. 

For  bending 
metal,  heat  it  to 
redness  and  reheat 
whenever  the  color  \ 
fades.  Inshapi: 
up  metal  it  should 
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Fig.  434.  Handy  portable  forges  can  now  be  bought 
very  reasonably;  but  where  this  is  impossible  such  an  af- 
fair as  shown  here  b efficient,  cheap,  and  easy  to  make 

come  down  to  dark  red,  or  a poor  job  with 
cracked  edges  is  likely  to  result.  For  weld- 
ing, a white  heat  is  required.  The  metal 
should  be  “spitting”  fire,  but  great  care 
should  be  taken  not  to  burn  the  iron — that  is, 
don't  heat  it  so  far  that  it  is  consumed. 
Where  at  all  possible,  the  weld  should  be 
made  (as  it  almost  always  can  be)  in  one  heat. 

For  welding  the  metal  must  be  clean  and  at 
a welding  heat;  and  it  must  be  struck  sharply 
by  the  hammer.  The  first  blow  of  the  ham- 
mer tells  the  story.  That  blow  should  do  most 
of  the  welding  and  should  be  struck  where  the 
metal  is  thinnest  because  that  is  where  it 
cools  quickest.  Some  practise  should  be  had 
before  attempting  work  on  any  important 
piece.  Make  the  practise  weld,  allow  the 
metal  to  cool  and  then  bend  it  with  the  ham- 
mer right  at  the  weld.  If  the  weld  separates 
it  is  usually  because  the  metal  was  either  not 
clean  or  not  hot  enough.  To  be  sure  of  the 
part  being  clean  it  is  best  to  jar  it  on  the  anvil 
before  striking  it  with  the  hammer. 

In  a lap  weld,  the  two  pieces  are  tapered 
so  that,  when  joined,  they  will  be  slightly 
larger  than  the  main  part  of  the  piece.  Then 
after  welding  they  can  be  reduced  by  ham- 
mering. Round  rods  are  usually  joined  by 
butt  welding;  that  is,  the  ends  to  be  welded 
“upset”  or  made  bulky  by  previous  heat- 
on  the 
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Fig.  433.  Three  stages  in 
lap  welding  (obowe),  and  butt 
welding  (below):  a the  ends 
roughly  shaped  then  upset;  b 
the  fresh,  enlarged  weld;  c the 
weld  hammered  down  to  the 
size  of  the  rest  of  the  bar. 


be  brought  to  a|  any  thickrn 
23? butt  v?ry  bright  red—;  to  perhaps 
the  ends  almost  a 1 white  hand.  It  < 


almost  a 1 white1 
heat,  and  should, 
not  be  worked  af-( 
ter,  the  color  has 


are 

ing  and  hammering  on  the  end.  They  are 
vthen  brought  to  welding  heat  and  driven 
together  endways  by  a sharp  hammer  blow. 

‘ Drill  work.  A good  ratchet  drill  will  drill 
any  thickness  of  metal  and  any  size  of  hole  up 
to  perhaps  3 inches  in  diameter  or  more,  by 
hand.  It  costs  less  than  $10  and  weighs  only 
2 or  3 pounds,  being  very  simple  in  construc- 
tion. It  can  be  used  anywhere  to  drill  holes 
without  having  to  take  the  machine  apart,  if 


Digitized  by 


Google 


292 


FARM  KNOWLEDGE 


the  ratchet  can  be  braced.  It  can  also 
be  used  as  a bench  drill  by  means  of 
clamps  with  which  to  fasten  the  work. 

In  drilling  metal  use  oil  freely.  It 
lubricates  and  keeps  the  drill  cool, 
and  prevents  the  loss  of  its  temper  and 
hardness  particularly  on  the  cutting 
edge.  Lard  oil  is  good  for  wrought- 
iron  drilling.  For  cast-iron  drilling, 
the  graphite  in  the  iron  furnishes  lubn- 
cation  so  that  water  can  be  used  for 
cooling.  Unless  care  is  taken,  however, 
this  wul  result  in  rusting  the  iron.  Machinists, 
therefore,  usually  mix  soda  with  the  water, 
using  the  solution  freely. 

Tapping  and  threading.  The  same  rules 
apply  to  cutting  threads  as  to  drilling.  Both 
are  cutting  processes  and  require  care  for  the 
sake  of  the  tool  as  well  as  of  the  result  to  be  ac- 
complished. Don't  force  the  cutting  tool. 
Cut  light  chips.  Be  careful  not  to  bend  or 
break  the  cutting  instrument.  It  is  always 
brittle  because  of  its  temper  and  can  easily  be 
broken  by  carelessness. 

If  a tap  is  broken  in  the  hole,  heat  the  piece 
and  frequently  the  tap  can  be  withdrawn. 
If  not,  drill  into  the  tap  with  a small  drill, 
drive  a square  shaped  piece  of  steel  lightly 
in  the  drill  hole  and  turn  with  a wrench. 
Sometimes  the  tap  will  have  to  be  drilled 
out  to  the  size  of  the  original  hole  and  the  shell 
of  the  tap  left  pried  out  with  a cold  chisel. 

Sheet-metal  work.  The  working  of  sheet 
metal  is  an  art  in  itself  but  by  taking  time  al- 
most anything  desired  can  be  made  by  means 
of  shears,  a wooden  mallet,  a straightedge, 
and  a soldering  outfit.  It  is  best  for  an  inex- 
perienced man  first  to  make  a paper  pattern 
cut  to  the  shape  of  the  part  desired  and  then 
to  fold,  bend)  or  roll  this  pattern  with  edges 
overlapping  to  the  finished  shape  to  be  sure 
it  meets  the  requirements.  Then  lay  the 
pattern  flat  and  mark  the  sheet  metal  to  ex- 
actly the  same  shape. 
Mark  on  the  metal  the 
bending  lines  of  the  pat- 
tern and  in  every  way 
make  it  agree  with  the 
tried-out  paper  pattern. 
Then  cut  out  the  metal 
with  shears.  Bend 
straight  lines  by  laying 
the  straightedge  on  the 
bending  line  and ‘ham- 
mer the  metal  with  the 
mallet  against  the  edge. 
For  rolling  to 
shape  use  a 
piece  of  pipe 
or  a log  to 
bend  the  met- 

Fig.  435.  Mechanical  problems  JlL.,  ar OUnd. 
on  the  farm  are  varied  and  un-  With  Odd.  or 
usual  and  call  for  special  tools.  complicated 
A pipe  bender  can  be  made  of  atartAa 
a strong  tee  with  a pipe  handle  snapes,  cut 
screwed  into  it.  out  a piece  of 


Fig.  436.  When  a StiUson  wrench  of  the  right  size  is  lacking, 
this  emergency  affair  will  often  make  up  or  loosen  refractory 
unions.  B is  the  pipe;  A is  a heavy  strip  of  canvas  or  belting: 
C is  a tough  pieceot  hardwood  towhich  A is  firmly  hnltjrf- 

Wood  to  hammer  the  metal  against.  Overlap 
the  edges  and  fasten  temporarily  with  damps, 
rivets,  bolts  or  even  by  nailing  through  into 
a strip  of  wood  on  the  inside.  Then  solder, 
and  alter  cooling,  remove  the  temporary  fas- 
tening if  desired. 

Patterns  for  casting.  Patterns  may  be 
made  of  wood,  metal,  concrete,  plaster  of 
Paris  or  any  material  which  can  be  finished 
reasonably  smooth.  These  patterns  are  taken 
to  the  foundry,  sand  is  molded  around  them, 
the  patterns  are  withdrawn  and  the  molds 
filled  with  the  molten  metal.  The  resulting 
shape  is  then  just  like  the  pattern.  Broken 
parts  can  be  mended  temporarily  and  used 
as  patterns  in  getting  new  castings.  Compli- 
cated parts  to  be  cast  require  spedal  knowl- 
edge of  the  foundry  processes  m order  that 
the  patterns  may  be  made  so  that  they  can  be 
withdrawn  from  the  mold  without  breaking 
up  the  sand. 

Frequently  it  is  possible  to  make  patterns 
by  forming  a mold  with  sheet  metal  or  card- 
board and  pouring  in  wet  plaster  of  Paris. 
This  fills  the  mold  and  gives  a solid  pattern  to 
the  shape  of  the  mold.  This  solid  pattern  can 
then  be  used  in  the  foundry  for  a few  castings, 
though  it  is  not  a good  permanent  pattern. 
Concrete  or  mortar  can  be  used  in  the  same 
way,  of  course,  but  takes  much  longer  to 
harden. 

Carpenter  Work 

In  all  work  with  wood,  study  the  grain  of 
the  piece  and  work  with  the  grain  as  far  as 
possible.  Otherwise  no  marked  lines  can  be 
followed,  the  wood  will  split  on  the  grain,  and 
the  piece  will  be  spoiled.  Cut  lightly  and 
often.  Don’t  attempt  to  break  off  a piece 
until  it  is  sawed  or  cut  through  completely. 
Don’t  use  sandpaper  except  to  give  a light 
smoothness  to  the  finished  pieces,  and  do 
that  with  the  sandpaper  wrapped  around  a 
good  block  of  wood.  Neither  sandpaper  nor 
emery  cloth  are  cutting  tools  for  shaping; 
both  are  finishing  tools. 

In  all  work  mark  out  the  piece  completely 
and  keep  outside  the  lines  so  that  the  com- 
pleted piece  will  show  the  part  of  the  lines 
alone  the  edges.  For  fine  work  the  lines 
should  be  cut  lightly  with  a knife  and  pencil 
marks  should  not  be  used  at  all.  For  rough 
work  use  a carpenter's  pencil  or  a lumber 
crayon. 


Digitized  by 


Google 


The  farmstead  is  the  hub  of  the  farm;  it  should  both  dominate  the  fields  that  surround  it  and 

receive  its  inspiration  from  them 


The  first  purpose  of  a farmhouse  is  to  shelter  the  farm  family;  it  should,  therefore,  be  an  attrac- 
tive home  in  all  that  the  name  implies 

The  Farm  Is  Both  a Home  and  a Place  of  Business.  The  Dwelling  Especially  Should 

Meet  Both  Needs 
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Paints  and  Paintings 

The  coming  of  spring  should  be  a signal  for  painting  everything  that  needs  it, 
whether  house,  bam,  fence,  or  machinery.  Particularly  should  machinery  be 
looked  after  and,  emphasis  cannot  be  too  strongly  laid  on  this  point,  for  few 
things  are  so  neglected  as  machinery  on  the  ordinary  farm.  Not  all  paints  are 
of  equal  value  for  these  different  jobs.  What  is  good  for  iron  is  not  good  for  con- 
crete, and  the  paint  which  is  so  satisfactory  on  the  house  may  be  of  little  value 
for  the  wagons.  A paint  for  woodwork  consists  of  some  dry  material  for  coloring, 
a lead  or  a zinc  base,  a drier,  and  a vehicle  or  liquid.  It  is  the  vehicle  which  is 
often  wrongly  chosen,  and  in  some  ready-mixed  paints,  the  vehicle  is  the  part 
which  is  most  likely  to  be  adulterated.  For  outdoor  work,  except  decorations, 
boiled  oil  is  considered  to  be  the  best.  For  indoor  work,  linseed  oil  and  turpen- 
tine are  preferably  used.  A little  drier,  litharge  for  dark  paints,  and  sugar  of  lead 
for  light  paints,  should  be  added  to  each  batch  of  paint  mixed. 


Undoubtedly  linseed  oil  paints  are  more  ex- 
pensive than  others,  but  they  are  well  worth 
the  difference  in  price.  This  oil  enables  the 
paint  to  spread  well,  dry  hard  and  opaque, 
and  leave  a protecting  skin  over  the  wood  sur- 
face. If  adulteration  is  practised  with  resin 
oils,  mineral  oils,  or  fish  oils,  the  paint  will 
either  remain  sticky  forever  or  will  harden 

Suickly  only  to  soften  again  in  a week  or  10 
ays.  Particularly  should  dark-colored  paints 
be  looked  upon  with  suspicion  unless  pur- 
chased from  a thoroughly  reliable  dealer,  be- 
cause such  paints  when  cheap  usually  contain 
only  unrefined  resin  oils  which  soften  up 
within  2 weeks  of  the  first  drying.  There- 
after they  never  harden  again  but  continue  to 
give  constant  trouble. 

One  of  the  best  paints  for  roofs  and  ma- 
chinery is  a mixture  of  red  lead  and  linseed 
oil.  Another  good  metal  paint  is  known  as 
asphaltum  varnish.  It  may  be  purchased 
ready  for  use,  and  when  applied  leaves  a splen- 
did-wearing shiny  black  surface  which  thor- 
oughly protects  the  metal. 

For  painting  jobs  requiring  the  covering 
of  a large  surface,  the  paint  may  usually  be 
sprayed  on  with  much  less  labor  than  if  the 
application  is  made  with  a brush.  Almost 
any  paint  may  be  so  applied  if  it  is  made  thin 
enough.  Use  the  ordinary  spraying  appara- 
tus kept  for  orchard  spraying  and  occasional 
disinfecting  or  whitewashing.  It  may  be 
readily  cleaned  and  will  suffer  no  injury  from 
such  use.  Probably  whitewash  is  more  often 
applied  in  this  way  than  any  other  paint. 
Particularly  in  covering  fences  and  out-build- 
ings the  spraying  method  means  a great  sav- 

Repairing  Floors 

Repairing  old  flooring.  Often  it  is  desired 
to  cover  ola  floors  or,  with  the  installation  of 
bathroom  fixtures  in  the  house,  to  make  a 
waterproof  floor.  For  this  latter  purpose  the 
various  modifications  of  Sorel  stone  are  highly 
recommended.  Its  strength  and  hardness 
exceed  those  of  any  artificial  stone  yet  pro- 
duced; at  the  same  time  it  is  one  of  the  cheap- 


ing  in  time.  Yet  ordinary  whitewash  is  not 
as  economical  as  cement  whitewash  for  it 
requires  frequent  renewals,  while  the  cement 
wash  often  remains  satisfactory  even  several 
years'  wear.  The  combination  is  best 
made  in  the  following  proportions:  Mix  to- 
gether one  peck  of  white  lime,  a peck  and  a 
half  of  hydraulic  cement,  6 pounds  of  umber, 
and  4 pounds  of  ochre.  Slake  the  lime  first, 
mix  it  with  2 ounces  of  lampblack  moistened 
with  vinegar,  then  add  the  other  ingredients. 
Allow  the  paint  to  stand  for  3 hours  or  longer, 
stirring  occasionally.  The  addition  of  half  a 
pound  of  Venetian  red  renders  the  appearance 
more  pleasing  and  adds  to  the  value  of  the 
paint.  If  ordinary  whitewash  is  used  at  all, 
the  addition  of  a little  glue  or  a small  amount 
of  flour  mixed  with  boiling  water  and  poured 
in  while  hot  will  prevent  it  from  rubbing  off 
so  readily. 

For  finished  interior  work,  varnishes  are 
best.  They  give  an  extremely  hard  surface, 
which  protects  the  wood  beneath,  and  they 
are  easy  to  clean  thoroughly.  It  is  not  ad- 
visable for  any  one  but  an  expert  to  attempt 
to  mix  them  at  home,  for  many  good  ones  are 
on  the  market,  as  well  as  many  worthless  mix- 
tures called  varnishes.  True  varnish  is  a 
solution  of  resins  or  gums  in  some  suitable 
liquid  such  as  alcohol  or  oil  of  turpentine 
mixed  with  linseed  oil.  Those  in  which  al- 
cohol acts  as  the  solvent  are  spirit  varnishes 
and  are  inferior  in  many  ways  to  the  oil  var- 
nishes, chiefly  because  the  alcohol  evaporates 
entirely,  leaving  the  varnish  so  hard  as  to 
easily  crack  ana  chip.  The  oil  varnishes,  on 
the  other  hand,  should  never  get  brittle. 

and  Foundations 

est.  For  stable  and  stall  floors  it  is  also  of 
considerable  value,  for  it  is  sanitary,  easy  to 
clean,  and  wears  well. 

There  are  almost  as  many  different  varieties 
as  there  are  users  of  the  stone,  for  every  one 
makes  some  little  change  in  the  details  of 
mixing.  The  fundamental  thing  is  to  mix 
in  with  the  various  filling  substances  an 
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“oxychloride  binder”  which  is  nothing  more 
or  less  than  a solution  of  magnesium  oxides 
and  chlorides.  This  is  used  to  moisten  the 
filling  substances  in  the  same  way  as  water 
is  used  in  concrete  work.  The  fillers  may  be 
almost  anything — shredded  wood  or  cloth, 
sawdust,  asbestos,  sand,  ashes,  pebbles,  etc. 
You  may  buy  the  material  all  ready  for  use 
from  any  large  paint  shop  or  hardware  store 
and  do  the  work  yourself,  or  you  can  get 
any  of  the  companies  selling  the  substances  to 
do  the  work  for  you.  You  may,  if  you  like, 
mix  the  ingredients  and  make  your  own 
stone. 

If  you  buy  the  material  ready  to  use,  you 
will  get  two  packages.  In  one  kind,  the  pack- 
ages contain  powders  which  must  be  mixed 
together  after  which  water  is  added.  In  the 
ocher  kinds  of  composition,  one  powder  and 
one  liquid  are  purchased  and  the  two  are 
mixed.  In  either  case,  the  mixture  is  made 
somewhat  stitfer  or  thicker  than  ordinary 
cement  and  is  spread  on  tne  old  floor,  or  on  the 
flooring  built  to  receive  it,  to  a depth  of  half 
an  inch.  The  surfacing  mu3t  be  well  done 
and  not  left  rough.  It  will  “set”  o/er  night 
and  will  then  be  hard  enonrii  to  walk  on  but 
the  floor  should  not  be  really  used  for  3 or  4 
days.  Probably  several  months  will  elapse 
before  the  floor  reaches  an  even  color  all  over. 
From  time  to  time  it  will  be  necessary  to  re- 
move the  white  blotches  caused  by  the  chem- 
ical action  going  on  in  the  door  material,  by 
simply  washing  them.  Alter  a time  the  floor 
will  be  stone  hard  and,  of  course,  fireproof 
and  waterproof.  This  latter  characteristic 
is  a highly  dedrable  one,  for  almost  all  other 
artificial  stone,  in  common  with  brick  and 
concrete,  is  very  porous  and  open  to  the  ab- 
sorption of  water.  Any  desired  color  may  be 
added  to  the  composition,  the  earth  colors 
giving  the  best  results. 

Although  this  flooring  has  not  long  been  re- 
ceiving the  attention  of  private  builders,  it 
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*1G.  437.  Wire  is  a most  impoiUnt  article  in  farm  construction  ana  repair  work, 
i'bese  are  the  commonly  usea  sixes  shown  lengthwise  and  in  cross  section,  actual  sizes. 
Of  course  the  strength  and  of  any  size  depends  upon  tue  material  of  which  it 
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is  not  a new  thing.  There  are  hundreds  of 
patents  for  different  mixtures,  and  one  kind 
or  another  has  been  used  on  the  floors  of  rail- 
road cars,  in  public  buildings,  and  similar 
places  for  at  least  20  years.  Recently  some 
of  the  important  patents  expired,  and  since 
1908  as  many  as  50  companies  manufacturing 
composition  have  come  into  existence. 

The  ingredients  of  and  methods  of  mixing 
one  of  the  best  compositions  are  as  follows: 

60  parts  (by  weight)  of  calcined  (burned) 
magnesite. 

15  parts  of  dolomite  (marble  dust). 

5 parts  asbestos  (shredded). 

15  parts  sawdust. 

2J  parts  silicate  of  magnesium. 

11  parts  of  earth  colors. 

Mix  the  above  powder  very  thoroughly  and 
add  a mixture  of  equal  parts  of  water  and 
chloride  of  magnesia  until  the  proper  con- 
sistency is  obtained.  Frequently,  to  make  a 
better  union  of  the  elements,  the  above  powder 
is  added  to  1 1 parts  of  muriate  of  ammonia. 

In  another  composition  flooring  the  materi- 
als are  mixed  at  the  shipping  point,  the  re- 
ceiver or  user  adding  simply  water  and 
burned  or  calcined  magnesite.  In  this  the 
specific  materials  are: 

85  parts  magnesium  chloride  solution. 

36  parts  of  any  filler  such  as  sawdust,  ashes, 
etc. 

25  parts  of  infusorial  earth  or  fossil  flour. 

Add  to  the  above: 

100  parts  of  pulverized  burnt  magnesite. 

43  i parts  of  water. 

Desired  coloring  material  as  red  oxide, 
ochre,  etc. 

All  of  these  substances  are  cheap.  The 
mixtures  as  retailed  by  manufacturers  cost 
about  15  cents  per  square  foot  of  floor  surface 
for  the  substance  and  an  equal  amount  for 
doing  the  work.  Unless  you  are  willing  to 
take  great  pain3  with  the  laying  and  finishing 
of  the  uoo.%  an  expert  should  be  allowed  to  do  it. 

By  using  the 
above  mixture  but 
substituting  large 
pebbles  or  stones 
for  part  of  the  filling 
material  suggested, 
a first-class  concrete 
is  obtained.  The 
same  mixture,  also 
omitting  the  filling 
material  and  color- 
ing matter,  and 
adding  the  proper 
sand  or  sharp,  small 
stones,  may  be  used 
for  the  formation  of 
grindstones,  emery 
wheels,  etc. 

Stopping  leaks  in 
concrete.  If  old 
work  is  to  be  pro- 
tected, surface  coat- 
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Fig.  438.  A knowledge  of  how  to  use  rope  is  a funda- 
mental need  in  farm  repair  wont.  This  shows  how  both 
the  granny  knot  ( B ),  which  is  insecure  and  unreliable,  and 
the  square  knot  (C),  which  is  safe  and  efficient,  start  the 
same  way  (A). 


ings  only  can  be  used,  their  object  being 
to  fill  the  pores  already  referred  to.  Four 
substances  are  commonly  used  for  this, 
namely:  neat  cement,  asphalt,  paraffin,  and 
an  alum-soap  compound.  This  last  is  used 
in  what  is  known  as  the  Sylvester  treat- 
ment, and  is  one  of  the  most  effective. 
For  surface  coating  a hot  castile  soap 
solution  is  made  by  dissolving  three  quarters 
of  a pound  of  the  soap  in  one  gallon  of 
hot  water.  An  alum  solution,  of  one  half 
a pound  of  alum  to  4 gallons  of  water, 
is  then  prepared.  The  substances  are  thor- 
oughly dissolved  and  applied  alternately  to 
the  wall  which  must  be  perfectly  dry.  The 
hot  soap  solution  is  first  applied  with  a flat 
brush,  care  being  taken  to  avoid  leaving  bub- 
bles. After  this  coat  dries  for  24  hours,  a 
coating  of  the  alum  water  is  put  on  and  al- 
lowed to  dry  for  a similar  length  of  time.  In 
this  way,  alternate  coatings  to  the  extent  de- 
sired may  be  used,  allowing  a full  day  to 
elapse  between  each  two  coatings.  A chem- 
ical process  takes  place  between  the  sub- 


stances used,  the  resulting  compound  plugging 
up  the  pores  in  the  cement.  The  cost 
of  this  process,  including  two  coatings  of  each 
material,  will  be  from  35  to  40  cents  per  square 
yard. 

Paraffin,  although  rather  expensive,  is 
often  used  for  small  jobs.  It  may  be  melted 
and  applied  while  hot,  the  walls  also  being 
slightly  warmed,  or  it  may  be  dissolved  in 
some  solvent  such  as  benzol,  xylol,  or  even 
benzine  of  the  common  kind,  these  liquids 
quickly  evaporating.  Several  coatings  will 
be  needed,  and  each  coating  will  cost  in  the 
neighborhood  of  50  cents  per  square  yard. 


Fig.  439.  The  four  steps  in  making  a bowline  or  non- 
slipping loop— a most  usetul  knot  lor  both  sailors  and 
farmers. 


Fig.  44a  The  end  of  a rope,  like  that  of  any  worthy  task,  should  be  well  finished.  This  shows  bow  to  whip  a rope's 
end  so  as  to  prevent  raveling  and  at  the  same  time  avoid  a bulky  knot 
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CHAPTER  27 


Dynamite  and  Its 
Uses  on  the  Farm 


By  J.  H.  Squires,  Agronomist  and  Editor  of  the  E . I.  duPont  de  Nemours  Co.,  Wilmington , 
Del . Before  he  took  up  this  particular  line  of  work  he  had  several  years9  experience  with  the  V.  S. 
Department  of  Agriculture . Previous  to  that  he  had  been  student  and  assistant  in  the  Agricultural 
College  of  New  York  at  Cornell  University  and  Professor  of  Agronomy  at  the  New  Mexico  Agri- 
cultural College , and  has  made  a personal  study  of  the  agriculture  of  all  parts  of  the  United  States. 
His  training  has  therefore  included  the  practical  farm  point  of  view  as  well  as  the  study  of  the  chem- 
ical, physical , and  purely  agricultural  problems  that  confront  the  agricultural  scientist . In  com- 
mon with  many  large  commercial  enterprises  and  organizations , the  manufacturers  of  explosives  have 
progressed  far  along  the  road  of  supplying  accurate  information  and  practical  assistance  to  all  who 
request  them.  It  is  with  a knowledge  of  this  condition  in  mind  that  we  can  heartily  subscribe  to 
Mr.  Squires's  further  suggestion , as  follows:  11  In  many  cases  the  uses  of  explosives  are  somewhat 
complex , either  as  regards  the  loading  or  the  firing.  Unfortunately , the  amount  of  specific  literature 
available  on  this  subject  is  not  as  great  as  might  be  desired.  When  confronted  with  a difficult  pro- 
position, the  safest  procedure  is  for  the  amateur  blaster  to  take  up  the  matter  by  correspondence 
with  some  one  of  the  leading  manufacturers  of  agricultural  explosives  or  a local  professional  blaster 
to  whom  he  may  be  referred  by  the  company  consulted.99 — Editor. 


WHILE  some  black  powder  is  used  for  different  purposes  on  the  farm,  the 
chief  agricultural  explosive  is  dynamite.  This  is  packed  in  round,  paper- 
covered  sticks  or  cartridges  measuring  about  1}  inches  in  diameter  and  8 mches 
in  length.  Each  such  cartridge  weighs  about  half  a pound.  While  there  is  a 
large  number  of  kinds  of  dynamite  and  similar  explosives  made  for  general  use, 
only  a few  are  especially  adapted  for  the  farm.  The  commonest  of 
these  are:  (1)  the  low-freezing  extras  and  nitro-starch  grades,  for  gen- 
eral work;  and  (2)  straight  nitroglycerin  dynamite,  for  blasting  ditches 
in  wet  soils  without  a blasting  machine  and  for  mudcapping  very  hard 
boulders.  Dynamite  is  packed  in  wooden  cases  containing  either  25  or 
50  pounds  net  and  is  sold  by  the  pound. 

What  dynamite  is.  The  modem  dynamites  differ  materially  from 
those  manufactured  a few  years  ago.  In  appearance  they  resemble  fine 
sawdust  that  has  been  slightly  moistened  with  oil.  Most  dynamite  is 
really  fine  wood  pulp  which  has  been  allowed  to  absorb  varying  amounts 
of  nitroglycerin  or  some  other  explosive  compound.  When  exploded, 
dynamite  is  changed  from  a solid  to  a gas  having  a much  larger  volume 
than  the  original  explosive.  It  is  the  pres-  v 

sure  of  this  gas  that  does  the  work.  If  the 
gas  is  allowed  to  escape  easily  out  of  a bore 
hole,  the  amount  of  work  done  by  the  blast 
is  materially  reduced,  so  all  holes  should  be 
carefully  tamped  to  confine  the  gas. 

Tamping.  By  tamping  is  meant  the 
confining  of  the  charge  in  the  bore  hole 
made  for  loading.  This  is  done  by  first 
packing  a few  inches  of  moist  soil  lightly 
over  the  charge,  and  then  filling  the  rest  of 
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FlC.  441. 
A paper 
plug  is  some- 
times used 
between 
charge  and 
tamping. 


Fig.  442.  A 
lightly  at  the 
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the  hole  and  packing  it  solidly. 
The  few  inches  of  light  tamping 
act  as  a cushion  to  protect  the 
charge  from  shock,  so  the  rest 
can  be  forced  in  as  hard  as  pos- 
sible, using  a wooden  stick,  such 
as  an  old  hoe  handle,  in  one 
hand.  For  mudcaps  (p.  452) 
the  mud  placed  over  the  charge 
acts  as  tamping  and  should  be 
as  heavy  and  thick  as  possible 
to  better  confine  the  explosive 
action.  The  force  exerted  by 


Fig.  443.  One  way  in  which  dynamite  can  reduce  the  wear  and  j—-, mitn  ia 

tear  on  the  machinery,  the  teams,  and  the  physical  and  mental  GXplOQlIlg  QyilHniltG  IS  6QUdi  111 
strength  of  the  farmer.  It  has  been  estimated  that  every  stump  in  a oil 
cropped  field  takes  a toll  of  from  25  to  50  cents.  At  this  rate  the  use  of 
dynamite  soon  pays  its  cost.  • 


directions  and  works  just 
as  hard  in  an  upward  as  m a 
downward  direction. 

Keeping  explosives  on  the  farm.  While  dynamite  is  a high  explosive,  it  can, 
with  reasonable  care,  be  used  on  the  farm  with  no  more  danger  than  attends  a 
great  variety  of  farm  operations.  It  is  sent  from  the  manufacturer  to  the  buyer 
by  freight  thus  receiving  rougher  treatment  in  transit  than  is  ordinarily  given  it 
in  use.  The  law  requires  that  it  be  removed  from  the  freight  station  within  48 
hours  after  its  receipt.  In  hauling  dynamite  care  should  be  exercised  to  guard 
against  any  unnecessary  roughness,  and  against  danger  from 
fire.  Explosives  should  not  be  hauled  in  the  same  vehicle 
with  either  blasting  caps  or  electric  blasting  caps.  The 
boxes  should  be  protected  with  blankets  or  similar  covering, 
to  afford  additional  safety. 

When  stored  on  the  farm,  dynamite  should  be  kept  in  a 
diy  place,  such  as  a little-used  or  isolated  house,  where  it 
will  be  safe  from  the  weather,  and  from  meddlesome  persons 
or  animals.  Thus  stored  it  can  be  kept  in  perfectly  good 
condition  for  a considerable  length  of  time.  When  large 
amounts  are  kept  constantly  on  hand,  a special  bullet-proof, 
weather-proof  house  or  box  should  be  provided. 

Blasting  caps  require  the  same  storage  conditions,  being  quickly  affected  by 
moisture;  but  should  never  be  stored  with  any  kind  of  explosive.  Fuse  may  be 
stored  or  hauled  with  either  dynamite  or  caps,  as  it  is  not  explosive;  however, 
it  must  be  kept  dry.  Neither  caps  nor  dynamite  should  be  stored  in  a blacksmith 
shop  or  in  any  place  where  there  is  danger  from  sparks. 


Fig.  444.  Take  with 
you  at  any  time  only  as 
much  dynamite  as  you 
will  use.  Carry  cape  and 
fuses  in  separate  compart- 
ments 


Principles  of  Farm  Blasting 

Only  the  required  amount  of  explosive 
should  be  taken  to  the  scene  of  work  at  any 


Fig.  445.  What  does  the  work,  a,  blasting  cap; 
6b  stick  of  dynamite;  c,  roll  of  fuse;  d,  cap  crimped  to  fuse 


one  time.  It  should  be  handled  as  gently 
as  possible,  and  by  painstaking  workmen. 

For  farm  dynamiting  in  which  caps  and 
fuse  are  used,  the  tools  needed  are  few  and, 
usually,  on  hand.  A crowbar  or  thick  drill 
is  useful  for  punching  holes  in  nearly  all  kinds 
of  blasting.  A 1J-  or  2-inch  auger  with  a 
long  shank  is  good  for  both  sampling  soils  and 
making  holes  under  stumps  and  boulders, 
and  for  deepening  drilled  or  punched  holes. 
A cap  crimper  is  needed  for  crimping  the  caps 
to  the  fuse.  A tamping  stick  is  easily  made 
from  a sapling  or  a broken  tool  handle. 

In  electric  blasting,  for  the  removal  of  large 
stumps  and  boulders,  or  for  ditching  in  dry 
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soil,  a blasting  machine  is  needed.  This  ap- 
paratus is  made  in  different  sizes  to  fire  at  one 
time  different  numbers  of  electric  blasting 
caps.  The  smallest  one  recommended  is  that 
finng  10  charges;  on  the  other  hand,  sizes 
larger  than  the  30-charge  capacity  machine 
are  seldom  needed  except  in  extensive  ditch- 
ing work.  These  machines  are  small  elec- 
tric generators  and  are  long-lived.  Their 
cost  is  small  as  compared  with  their  advan- 
tages in  making  it  easier  to  do  better  or  more 
difficult  work.  The  electric  current  is  con- 
ducted from  the  blasting  machine  to  the  blast 
by  two  14  gauge  copper  wires  enclosed 
within  a single  insulation.  This  double  wire, 
if  well  cared  for  and  kept  straight,  will  also 
last  for  a long  time.  It  should  be  not  less  than 


Fig.  446.  Fastening  the  cap  to  the  cartridge,  a, 
blasting  cap  and  ordinary  fuse;  b,  electric  cap  and  wires 


250  feet  long  to  enable  the  blaster  to  work  at  a 
safe  distance  from  the  blasts. 

All  curious  or  unnecessary  onlookers  who 
might  cause  trouble  should  be  kept  away  from 
blasting  operations;  otherwise  they  may  con- 
fuse the  blaster  or  do  something  that  might 
be  dangerous  for  themselves  or  others.  Farm 
blasting  has  now  progressed  to  the  point 
where  many  expert  blasters  are  devoting  a 
part  or  all  of  their  time  to  it.  By  obtaining 
the  advice  and  assistance  of  a competent 
blaster  one  can  often  effect  a considerable 
saving  in  the  amount  of  explosives  used  or 
improvement  in  the  quality  of  the  work  done. 
One  of  the  noticeable  misuses  of  explosives 
by  both  beginners  and  experienced  users  is  the 
loading  of  excessive  charges  for  any  given 
amount  of  work.  By  careful  loading,  the 
amount  of  dynamite  used  can  often  be  re- 
duced and  with  it  the  total  cost  of  the  work. 

There  are  several  distinct  classes  of  dyna- 
mite, each  of  which  is  manufactured  in  dif- 
ferent strengths,  which  are  expressed  as  per- 
centages. Thus  they  vary  from  20  to  60 


Fig.  447.  Usual  placing  of  charge  for  blasting  a small 
stump 


Fig.  448.  Section  of  an  electric  blasting  cap:  a,  cop- 
per shell:  6,  chamber  containing  explosive;  c,  copper  wires 
(insulated);  d,  bare  ends  of  wire  in  charge;  «,  '’bridge" 
or  fine  wire  joining  ends  of  (</),  which  is  heated  by  the 
electric  current;  /.  plug  to  hold  wires  in  place;  ( filling 
material. 


per  cent.  The  lower  strengths  should  be  used 
whenever  possible,  as  they  do  many  types  of 
work  cheaper  than  the  higher  strengths. 
The  substitution  of  the  20  per  cent  for  40  or 
50  per  cent  grade  in  blasting  stumps  from 
heavy  soils  is  proving  economical.  The  low- 
freezing  classes  of  dynamite  are  to  be  recom- 
mended for  all  farm  work  except  blasting 
ditches  without  a blasting  machine,  and  mud- 
capping hard  boulders. 

The  use  of  dynamite  on  the  farm,  although 
it  involved  more  than  25,000,000  pounds  in 
1917,  is  yet  in  its  infancy.  There  is  still 
much  experimental  work  to  be  done  before 
either  the  full  benefits  or  the  definite  limita- 
tions of  f arm  blasting  are  determined.  Blast- 
ing is  not  recommended  as  a general  “cure- 
all”  for  the  farm,  but  as  a specific  treatment 
for  a number  of  adverse  conditions. 


Practical  Blasting  Methods 

Unlike  black  powder,  dynamite  is  not  fired 
or  “detonated”  by  means  of  a spark,  but  by 
an  intermediate  agent,  such  as  an  explo- 
sive blasting  cap  or  an  electric  blasting  cap. 
The  former  is  a little  copper  cylinder,  closed 
at  one  end,  and  charged  with  a small  amount 
of  a powerful  explosive.  It  is  fired  by  means 
of  safety  fuse,  which  is  a small  chain  of  powder 
tightly  enclosed  in  a strong  covering.  In  use, 
the  fuse  is  cut  long  enough  to  reach  from  the 
buried  explosive  to  a few  inches  above  the 
ground.  It  is  not  safe  to  use  short  pieces  of 
fuse,  as  they  do  not  give  the  blaster  sufficient 
time  to  get  a safe  distance  away  after  lighting 
the  blast.  The  blasting  cap  is  f astened  securely 
to  the  fuse  (Fig.  446a)  by  means  of  a special 
tool  called  a cap  crimper.  A hole  is  then 
punched  in  the  side  or  end  of  a cartridge  of 
dynamite,  into  which  the  cap  with  fuse  at- 
tached is  inserted  and  securely  tied  (Fig.  446.) 

An  electric  blasting  cap  is  more  elabor- 
ately constructed  and  is  fired,  not  by  a fuse, 
but  by  an  electric  spark  brought  to  it  through 
small  wires.  It  may  be  placed  in  the  dyna- 
mite in  exactly  the  same  way  as  the  blasting 
cap,  or  secured  by  a special  loop  (but  not  a 
half-hitch)  of  the  wires  (Fig.  446).  A 
dynamite  cartridge  into  which  a blasting  cap 
or  electric  blasting  cap  has  been  fitted  is  called 
a “primer.”  Only  one  blast  can  be  fired  at 
one  time  when  blasting  caps  are  used,  but 
any  number  can  be  fired  at  the  same  time 
by  means  of  electric  blasting  caps.  For  all 
classes  of  agricultural  blasting  one  primer  is 
sufficient  for  each  charge,  no  matter  how 
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many  cartridges  are  used  in  the  hole;  but  with 
the  single  exception  of  ditch  blasting  by  the 
propagated  method  (p.  302)  every  type  re- 
quires this  one  primer  m every  charge  or  hole. 

Stump  blasting.  For  the  removal  of 
stumps,  dynamite  is  used  with  cap  and  fuse 
as  well  as  with  electric  blasting  caps.  For 
small  stumps  (Fig.  447),  and  for  the  large 
stumps  of  the  Pacific  Coast,  a hole  is  punched 
well  under  the  heaviest  part  of  the  stump  and 
loaded  with  the  required  amount  of  dynamite, 
which  may  vary  from  one  to  many  cartridges. 
Blasting  caps  and  fuse  are  generally  used  in 
this  case. 

Large  or  hollow  stumps,  especially  those 
with  spreading  roots,  are  best  blasted  by 
distributing  charges,  one  under  the  stump 
and  others  under  the  main  roots  (Fig.  450). 
This  method  requires  the  use  of  elec- 
tric blasting  caps  so  that  all  the  charges 


Fig.  450.  Distribution  and  connection  of  charges 
for  blasting  a large  stump  with  spreading  roots;  viewed 
from  the  side  (abort)  and  from  the  top  (below). 


may  be  fired  at  ex- 
actly the  same 
time.  Tap-rooted 
stumps  present  two 
possibilities:  (a)  A 
hole  may  be  bored 
into  the  tap  root 
and  loaded  as  in 
the  case  of  a small 
stump  (Fig.  447); 
or  (d)  two  holes 
may  be  punched 
on  opposite  sides 
of  the  tap  root 
(Fig.  451),  loaded, 
and  fired  at  the 
same  instant  by 
means  of  an  electric 
blasting  machine. 


Fig.  451.  Two  ways  of  dis- 
tributing charges  under  a tap- 
rooted  stump. 


Many  variations  are  made  in  these  meth- 
ods of  loading  stumps  to  suit  local  soil  condi- 
tions and  the  nature  of  the  stump  to  be  re- 
moved. Large  amounts  of  dynamite  are 
used  in  connection  with  stump-pulling  ma- 
chinery for  splitting  stumps  before  or  after 
pulling.  This  combination  method  is  es- 
pecially satisfactory  in  heavy  clearing.  For 
splitting  before  pulling,  a single  hole  is  gener- 
ally used  and  the  charge  materially  reduced 
as  compared  with  that  required  for  blowing 
the  stump  entirely  out.  Trees  may  be 
blasted  down  by  following  the  rules  given  for 
loading  for  stumps,  but  the  amount  of  explo- 
sives must  be  considerably  increased. 

Boulder  blasting.  For  breaking  up  and 
disposing  of  field  boulders,  dynamite  is  used 
in  three  ways:  (a)  mudcapping,  which  con- 
sists of  placing  a charge  of  dynamite  on  top 
of  the  boulder  and 
covering  it  with  a 
heavy  cap  of  mud, 

(Fig.  452),  requires 
the  least  labor,  but 
the  largest  amount 
of  explosives;  for 
very  hard  boulders 
the  use  of  the  higher 
strengths  of  dyna- 
mite is  recom- 
mended. (b)  Snake- 
holing,  which  consists 
of  punching  a hole 
in  the  ground  under 
the  boulder  (Fig. 

412),  requires  a me- 
dium amount  of 
both  time  and  labor; 
the  low  strengths  of 
dynamite  prove  best 
(c)  Blockading, 
which  is  loading  r 
hole  drilled  into  thr 


boulder 


4C2-. 


requires  the  greatest 
amount  of  labor  and 
the  smallest  amount 


Fig.  452.  three  ways  to 
blast  a boulder:  from  above, 
mud-capping  snake  holing; 
and  blockhoung  (see  text). 
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Fig.  453.  Large  boulder,  such  as  often  interferes  with  tillage,  ditching,  or  tree  planting,  before  (left)  and 
after  (jigkl)  the  explosion  of  a mud-capped  charge  of  dynamite.  It  is  now  good  foundation  material  in  addition 
to  being  out  of  the  way. 


of  explosives;  the  low  strengths  are  more 
economical.  Combinations  of  the  mud- 
cap  and  snakehole  methods  are  frequently 
used  for  large  boulders.  The  method  em- 


Fig.  454.  Diagrammatic  section  showing  how  to  place  and 
connect  up  a series  of  charges  in  masting  a ditch 


ployed  should  depend  on  the  nature  of  the 
boulders  encountered.  Flat,  easily  broken 
boulders  can  be  handled  by  the  first  method; 
large,  difficult  ones  may  require  the  last 
method. 

Ditch  blasting  provides  a new  method  of 
digging  ditches  and  one  that  has  proven  suc- 
cessful under  a great  variety  of  conditions. 
There  are  two  methods:  (a)  The  propagated 
method,  which  can  be  used  only  in  water- 
soaked  soils,  consists  of  punching  holes  to 
about  the  desired  depth  of  the  ditch  and  load- 
ing each  with  one  or  more  cartridges  of  60 
or  60  per  cent  straight  nitroglycerin  dyna- 
mite. The  soil  must  be  saturated  and  the 
holes  not  more  than  24  inches  apart.  A line 
of  holes  many  feet  long,  when  properly 


Fig.  455.  A surface  outlet  ditch  dug  with  dynamite 


loaded,  is  fired  by  a single  primer,  usually 
placed  *near  the  centre  of  the  section,  (b) 
The  electrical  method  differs  in  that  it  can 
be  used  in  either  wet  or  dry  soil.  Lower 
strengths  of  low-freezing  explosives  are 
used,  and  an  electric  blasting  cap  in 
each  hole.  The  holes  can  be  spaced 
farther  apart  sometimes,  in  large  ditches, 
as  much  as  from  30  to  48  inches.  For 
wide  ditches  two  or  three  lines  of  holes 
are  used.  By  this  method  ditches  up  to 
6 feet  deep  and  15  feet  wide  have 
been  successfully  blasted.  Blasts  are 
frequently  made  in  hard  ground  to 
loosen  the  ground  to  make  digging  by 
hand  or  scrapers  easier.  The  applica- 
tion of  ditch  blasting  to  the  straighten- 
ing of  streams  has  proven  quite  successful, 
as  the  work  is  quickly  and  economically  done. 


Rafts  and  sandbars  also  may  be  blasted  out 
of  streams. 

Loosening  the  soil  before  planting  trees. 
The  use  of  explosives  in  planting  trees  is 
recommended  on  tight  and  hardpan  soils. 
Its  purpose  is  to  loosen  the  hard  ground  in 
such  a manner  as  to  permit:  (1)  better 
drainage  and  water  storage;  (2)  better  root 
growth;  and  (3)  better  soil  aeration.  The 
blasts  are  usually  made  with  one  fourth  pound 
of  a low  strength,  low-freezing  dynamite 

S laced  at  a depth  of  30  to  40  inches  or  in  the 
ardpan.  A hole  is  made  in  the  ground  to 
the  desired  depth  and  loaded.  The  blast, 
in  addition  to  cracking  the  soil,  springs  Ja 
pothole  or  cavity  at  the  bottom  (Fig  467), 
which  must  be  filled  with  soil  to  overcome  the 
danger  of  the  tree  settling  after  being  planted. 
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This  is  usually  done  ___ — 

by  emptying  the  hole  K 
and  filling  the  cavity 
as  shown  in  Fig.  458, 
which  also  illustrates 
the  correct  method  of 

setting  a tree,  includ-  \ X 

ing  the  use  of  fertile 
top  soil  around  the  . 

roots.  Blasting  in  ‘ 

preparation  for  the 
planting  of  shade  trees 

orflowerinff  nlante  k FlG  457  In  blastins 
or  nowermg  pianis  is  plosion  loosens  the  90U,  b 

done  m exactly  the  the  bottom  which,  left  ui 

same  way  as  in  the  case  more  than  the  other  result* 

Of  trees. 

Summing  the  matter  up,  it  may  be  said  that 
the  use  of  dynamite  in  the  orchard  accom- 
plishes the  following  seven  results: 

1.  It  mellows  the  ground  to  a depth 
of  5 or  6 feet  and  throughout  a circular 
area  10  to  20  feet  in  diameter,  making  it 
easy  to  dig  the  hole  and  plant  the  tree  cor- 
rectly. 

2.  It  creates  a porous,  water-absorbing 
condition  in  the  subsoil  that  makes  the  tree 
drought-proof,  stopping  the  big,  first-year 
loss. 

3.  It  makes  root  growth  easy  and  makes 
tons  per  acre  of  new  plant  food  available, 
hence  speeds  up  the  growth  of  the  tree  and 
makes  it  fruit  one  to  two  years  earlier. 

4.  It  creates  drainage  and  prevents  stag- 
nation of  water  on  surface.  , 

5.  In  old  orchards  that  were  planted  by 
the  old  methods  and  have  ceased  to  bear  well, 
it  is  of  great  value  in  rejuvenating  the  old 
trees,  causing  them  to  yield  heavily. 

6.  It  destroys  fungus,  nematode,  and  other 
orchard  soil  diseases,  hence  makes  it  possible 
to  plant  new  orchards  where  old  ones  have 
been  removed  without  waiting  several 
years  to  rest  the  land  and  get  rid  of  the  . 
diseases. 

7.  At  a cost  little  or  no  greater  than  that 
of  old-style  planting,  it  causes  at  least  a 
year’s  earlier  return  on  the  investment  in 
new  orchards,  and  greatly  increased  returns 
thereafter  as  compared 

with  spade-set  orchards.  _ _ 

Subsoil  blasting,  gg 
This,  like  blasting  for  \kW?*0/L  f 
tree  planting,  is  not  rec-  \ 
ommended  on  loose  or  \ 
open  soils,  but  only  on 
tight  clays  or  hardpan.  [V 
Its  purpose  is  to  open  \ 
and  aerate  the  soil  so  as 
to  afford  a better  . 
moisture  reservoir;  to  i / ...  V- 

induce  better  soil  sani-  v'  ^ X ; { 

tation;  and  to  increase  4™.  Tom*  the  1 


Fig.  457.  In  blasting  before  tree  planting,  the  ex- 
plosion loosens  the  soil,  but  also  creates  a pot  hole  at 
the  bottom  which,  left  unfilled,  might  injure  the  tree 
more  than  the  other  results  could  benefit  it. 


^ " - —y,  the  soil  is  dry.  The 

/ standard  charge  is  one 
. a?  v / fourth  pound  of  a slow- 
v 7 < / \ acting,  low-strength 

^ dynamite.  The  holes 

are  usually  made  from 
k 28  to  40  inches  deep 

and  about  one  rod 
^ apart.  Such  subsoil 
blasting  has  also  been 
used  to  good  advan- 
tage as  a means  of 

Dre  tree  planting,  the  ex-  i_.rL_._-_  l;;i  -i_  + _ 

also  creates  a pot  hole  at  loosening  hlU  soils  to 

led,  might  injure  the  tree  guard  against  erosion, 
uid  benefit  it.  Deep  subsoil  blasting 

is  practised,  especially 
in  the  bottoms  of  ponds  and  other  wet  places, 
to  break  through  the  underlying  hardpan  and 
permit  the  excess  water  to  drain  away  through 
still  deeper  layers  of  gravel  or  sand. 

The  duration  of  the  benefits  thus  obtained 
is  not  as  yet  clearly  worked  out,  but  it  appears 
from  tests  that  they  should  be  effective  for  a 
considerable  number  of  years.  So  far  they 
have  been  more  marked  during  the  second  and 
third  years  after  blasting  than  during  the 
first.  If  proper  attention  is  given  to  the  sur- 
face it  is  quite  unlikely  that  they  will  return 
to  their  former  state  within  the  life  of  man. 
When  heavy,  deep-rooted  crops  such  as  al- 
falfa, for  instance,  are  used  to  supply  humus 
and  increase  the  supply  of  nitrogen,  the  deep 
roots  left  to  decay  in  the  soil  will  guarantee 
the  permanency  of  the  benefits.  Planting  of 
a deep-rooting  crop  should  always  follow  sub- 
soiling. 

On  sour,  wet  land,  where  the  clay  is  very 
sticky,  it  will  be  found  an  excellent  practice 
to  use  considerable  amounts  of  lime  in  order 
to  sweeten  the  soil  and  to  assist  in  the  forma- 
tion of  an  ideal  crumb  structure.  Do 
not  blast  subsoil  while  it  is  in  the  sticky 
state.  No  good  will  come  of  it. 

Blasting  to  assist  drainage.  Aside  from 
the  benefits  of  explosives  for  shattering 
impervious  subsoils  as  above  described, 
this  method  of  soil  tillage  finds  ready  ap- 
plication in  shattering  subsoils  to  assist 
other  drainage  meth- 

ods  that  are  not  giving 

satisfactory  results. 
Tight  clays  and  hard- 
pan  soils  where  tile 
drains  are  found  to 
function  poorly  and 
establish  drainage 
courses  slowly,  if  at 
all,  are  found  to  be 
greatly  improved  by 
shattering  the  subsoils 


shattering  the  subsoils 

induce  better  sou  sam-  i between  the  lines  of 

totion;  and  to  increase  ^c.  458.  To  get  the  best  results,  therefore,  dig  out  *lle-  The  same  is 
the  possibilities  of  ex-  the  centre  of  the  loosened  soil,  fill  in  the  pothole  (en-  found  to  be  true  in 
tensive  root  growth,  riching  the  subsoil  with  manure  if  possible),  plant  the  soils  that  are  but  little 
The  work  is  usually  ^cted  by  open 

done  in  the  fall  when  by  courtesy  the  E.  I.  du  Pont  de  Nemours  Powder  Co.)  drams,  where  the 
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water  is  held  in  too  large  amounts  in  the  sub- 
soil quite  near  the  drains.  Care,  however, 
must  be  taken  not  to  blast  nearer  than  seven 
or  eight  feet  to  a tile  drain. 

The  reason  why  deep  tillage  or  subsoil 
plowing  is  desirable  is  that  all  the  . — 
soil  below  the  bottom  of  the  ordi- 
nary plow  cut,  in  other  words, 
everything  below  six  to  eight 
inches,  is  still  in  its  primeval  condition. 

It  has  never  been  disturbed.  Chemical 
analyses  of  soils  down  to  a depth  of 
twenty  feet  show  that  on  the  average 
acre  there  are  tons  of  plant  foods  which 
become  available  only  when  roots  can 
penetrate  to  them,  or  when  ascending 
moisture  brings  them  up  to  the  roots  that 
cannot  get  down. 

Gully  filling.  This  use  of  dynamite  is 
for  the  purpose  of  blowing  down  the 
banks  of  the  gullies  so  that  the  loosened 
soil  can  be  easily  dragged  to  the  low 
places.  Sometimes  heavy  blasts  will 
throw  much  of  the  bank  into  the  bottom 
of  the  old  gully  so  that  the  earth  will  not 
require  a second  handling.  The  practice 
finds  ready  application  especially  in  the 
southern  hill  lands.  To  correct  for  shal- 
low washes,  the  deep  loosening  of  the  hard 
subsoil  should  extend  out  on  each  side  for 
some  distance. 

If  broken  boulders,  stumps,  logs  or  any 
other  loose  material  is  placed  in  the  bot- 
tom of  the  gully  before  it  is  filled  the  ef- 
fect will  be  that  of  a deep,  well-laid  tile 
drain.  Through  this  the  excesses  of 
water  will  be  discharged  without  injury 
to  the  surface.  In  many  cases,  it  will 
be  well  to  straighten  up  the  bottoms  of 
the  gullies  and  lay  permanent  subdrains 
before  the  filling  is  commenced. 

For  wide,  shallow  gullies,  where  the 
entire  surface  has  been  lost,  but  where 
the  cutting  has  not  been  deep,  the  treat- 
ment is  deep  subsoiling  with  the  spacing 
of  the  holes  decreased  to  ten  or  twelve 
feet.  In  filling  gullies  large  amounts  of 
unaSrated  subsoil  are  exposed,  and  care 
should  be  taken  to  add  humus  either  in 
the  shape  of  rank-growing  green-manure 
crops,  vegetable  litter  or  rough  manure. 


Old  corn  stalks,  forest  leaves,  or 
mildewed  straw  can  be  used  to 
good  advantage. 

Road  work.  Explosives  find  a 
ready  place  in  general  road  work 
for:  (1)  clearing  away  stumps  and  boulders; 
(2)  opening  ditches;  and  (3)  loosening  hard 
ground  for  grade  improvements.  In  combina- 
tion with  road  machinery,  they  can,  to  a very 
large  extent  be  made  to  materially  decrease 
the  amount  and  cost  of  hand  labor  required. 
This  method  finds  application  not  only  in  the 
building  of  new  roads,  but  in  repairing  and 
improving  old  roads.  Blasting  is  a highly 
satisfactory  method  of  getting  many  lands 


Fig.  458a.  Soil  auger: 
such  as  is  used  in  taking  soil 
samples  (see  Vol.  II),  and  in 
making  holes  for  blasting 
work  as  in  Fig.  449. 


of  obstructions  out  of  the  way  of  the  road  drag. 
The  methods  of  use  are  quite  similar  to  those 
given  for  the  same  classes  of  field  work. 

In  starting  in  a rock  cut  the  ordinary  prac- 
tice is  to  drill  the  holes  a few  inches  below 

. the  desired  grade.  These  holes 

should  be  spaced  back  and  apart 
a distance  about  equal  to  the  depth 
of  the  cut,  unless  the  holes  are 
more  than  six  feet  deep,  when  the  spac- 
ing should  be  about  six  feet.  Each  row 
of  holes  should  be  fired  simultaneously 
with  electric  caps  and  a blasting  machine. 

Miscellaneous  uses.  Dynamite  finds 
a variety  of  additional,  special  uses  in 
practically  all  classes  of  farm  work.  It 
can  readily  be  used  for  loosening  up  hard 
ground  encountered  in  digging  founda- 
tions, cellars,  pit  silos,  and  wells.  For 
such  work,  modifications  of  subsoil  blast- 
ing methods  are  used.  The  holes  are 
placed  much  closer  together  and  may 
either  be  deeper  or  more  heavily  charged. 
The  object  is  simply  to  loosen  the  soil 
so  that  it  can  easily  be  shoveled  or 
moved  with  a scraper. 

Wells  are  often  sunk  with  the  aid  of 
explosives  through  rock  or  ground  which 
cannot  be  dug  to  advantage  without 
them.  When  rock  is  reached  and  the 
earth  above  is  properly  supported,  a circle 
of  4 or  5 drill  holes  should  be  started 
about  half-way  between  the  centre  and 
the  sides  of  the  well  and  pointed  at 
such  an  angle  that  they  will  come  closer 
together  near  the  centre  when  they  are 
three  or  four  feet  deep.  These  holes 
should  be  loaded  about  half  full  of  40 
per  cent  dynamite  with  damp  clay  or 
sand  tamping  packed  firmly  above  to  the 
top  of  the  hole,  and  then  exploded  all 
together  from  the  surface  by  electricity. 
This  shot  will  blow  out  a funnel-shaped 
opening  in  the  centre,  and  the  well  can 
then  be  made  full  size  with  another  circle 
of  holes  drilled  straight  down  as  close  to 
the  sides  as  possible.  If  the  well  is  large 
it  may  be  necessary  to  drill  a circle  of 
holes  between  the  inner  and  outer  circle. 
The  above  process  should  be  repeated 
until  the  well  has  passed  through  the 
rock  or  has  been  sunk  to  the  neces- 
sary depth.  Do  not  in  any  case 
enter  a well  until  all  the  fumes  of 
the  last  blast  have  come  out.  If 
in  doubt,  lower  a lighted  candle  to 
the  bottom;  if  it  continues  to  burn  the  well 
may  safely  be  entered.  Electric  blasting 
caps  will  give  the  best  results. 

Old  heavy  machinery  can  be  broken  by  mud- 
capping, the  same  as  boulders.  Occasionally 
large  iron  vessels  are  broken  up  by  being 
filled  with  water  and  shot  by  suspending  a 
small  charge  of  dynamite  in  the  water  in  such 
a way  that  the  explosive  is  not  in  contact 
with  the  metal. 
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Farm  Buildings  and  Their  Eauipment 

THE  problem  of  locating,  designing,  constructing,  and  equipping  his  buildings 
is  one  of  the  most  difficult  that  the  farmer  is  called  upon  to  solve.  This,  of 
course,  implies  that  he  is  desirous  of  combining  utility,  moderate  cost,  and 
attractive  appearance  in  the  final  result.  In  no  respect  is  he  more  independent 
of  outside  influences  and  restrictions,  than  in  his  right  to  follow  his  own  preferences 
as  to  style  and  arrangement.  Presumably  he  has  no  near  neighbors  whose  sensi- 
bilities he  is  either  likely  to  offend  or  under  any  obligation  to  take  into  account. 
Farm  houses  are  not  built  in  blocks  like  city  residences;  their  lines  need  not 
resemble  one  another  nor  even  harmonize.  The  whole  question  resolves  itself  into 
satisfying  himself  and  getting  the  most  and  the  best  for  what  he  is  able  to  spend. 

However,  there  is  another  side  to  the  matter.  Whatever  he  may  think  he 
prefers,  there  remain  those  fundamental  principles  that  have  gradually  been 
formulated  after  years  of  experiment  and  usage,  as  to  what  really  is  best,  most 
efficient  and  most  pleasing  under  average  conditions.  Only  a genius  is  clever 
enough  to  disregard  conclusions  based  upon  the  judgment  of  many  generations; 
it  is  unlikely  that  any  farmer  is  sufficiently  a genius  in  architectural  matters  to  be 
able  safely  to  lay  down  new,  unusual  rulings  as  to  how  he  shall  plan  and  build. 
It  is  for  this  reason  that  farm  buildings  do,  after  all,  resemble  one  another  in  the 
main,  and  often  in  most  of  their  structural  details.  Because  of  this  resemblance 
it  is  possible  to  set  down,  in  relatively  small  space,  a large  amount  of  valuable  in- 
formation, suggestion  and  reference  matter  regarding  them. 

The  chapters  treating  of  this  complex  and  very  important  department  of  farm 
engineering,  are  arranged  in  a definite,  logical  order:  First,  there  is  discussed  the 
farmstead  as  a whole,  its  location  and  its  arrangement;  next,  two  chapters  are 
devoted  to  the  farm  house,  which  after  all  is  the  most  important  building  on  the 
farm — probably  no  other  worker  spends  as  much  of  his  time  in  the  immediate 
neighborhood  of  the  place  where  he  sleeps  and  eats  as  does  the  farmer;  the  next 
two  chapters  deal  with  bams  as  a group,  with  reference,  first,  to  their  actual  con- 
struction, and,  second,  to  their  equipment  with  labor  saving  devices;  the  remain- 
ing chapters  treat  the  different  classes  of  farm  buildings  as  they  may  be  grouped 
on  a basis  of  purpose  and  usefulness. 

It  is  no  longer  necessary,  as  it  once  was,  for  the  farmer  to  hew  his  own  timbers 
and  pegs,  split  his  shingles,  saw  out  his  lumber,  and,  with  the  help  of  his  neighbors, 
build  every  bam  and  shed  he  requires  from  foundation  to  roof  tree.  Much  and 
valuable  assistance  is  now  available  in  the  form  of  manufacturers’  cooperation 
and  modem  improved  materials  and  methods.  But  it  is  still  necessary  for  him 
to  know  what  sort  of  buildings  he  shall  erect;  where  and  how  they  shall  be  erected; 
and  finally,  how  to  judge  whether,  when  completed,  they  are  what  they  should  be. 
It  is  to  help  him  to  attain  this  knowledge  that  the  following  articles  have  been 
prepared  and  brought  together.— Editor. 
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CHAPTER  28 

Planning  the  Farmstead  Layout 

By  H.  H.  Niemann,  Manager  of  the  Architectural  Department  of  the  Louden  Machinery 
Co.,  whose  work  is  very  largely  the  helping  of  practical  farmers  in  all  parts  of  the  country  toward 
the  solution  of  their  building  problems.  Most  of  his  younger  days  were  spent  on  the  farm.  About 
1893  he  took  up  architecture,  specializing,  since  1900,  in  the  designing  and  superintending  of  farm 
structures.  During  this  time  he  has  laid  out  a number  of  well-known  farms  about  Chicago,  taking 
charge  of  the  locating  and  construction  of  roads,  drainage  systems,  fences,  etc.,  as  weU  as  all  the 
buildings.  He  has  been  in  his  present  position  since  1913;  for  a number  of  years  he  has  also  been 
a regular  contributor  on  farm  building  construction  to  the  “American  Carpenter  and  Builder”;  and 
for  3 years  he  has  been  on  the  Committee  on  Farm  Structures  of  the  American  Society  of  Agricul- 
tural Engineers,  serving  as  Chairman  in  1 91 7. — Editor. 

THE  farm  group,  or  farmstead,  is  a very  important  part  of  the  farm,  and  de- 
serves careful  study  as  to  its  location  on  the  farm,  the  buildings  it 
requires,  and  the  grouping  of  buildings,  drives,  and  yards.  The  grouping  of  farm 
buildings  cannot  be  standardized,  because  each  farm  has  some  special  require- 
ments which  need  individual  study.  -A  large  number  of  rules  may  be  suggested 
for  such  grouping;  but,  before  any  of  them  is  applied,  the  following  local  factors 
must  first  be  considered  in  connection  with  each  farm:  (1)  climatic  conditions; 
(2)  topographic  conditions;  (3)  soil  conditions;  (4)  the  type  of  farming;  and 
(5)  the  kind  of  labor  used. 
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Fig.  460.  Sometimes  there  are  reasons  for  an  apparently  poor  arrangement*  more  often  they  are  the  result  of 
lack  of  thought.  In  either  case  they  should  be  corrected  as  soon  as  possible.  It  is  one  thing  to  lose  half  an 
hour,  unavoidably,  once  a month;  it  is  another  thing  to  lose  half  an  hour  every  day  the  year  round,  especially  when 
a little  planning  would  prevent  it. 


Local  Factors  in  the  Grouping  of  Farm  Buildings 

Climatic  conditions.  In  the  northern  part  of  the  United  States,  and  par- 
ticularly in  the  northeastern  section,  it  is  necessary  to  provide  warm  quarters  for 
all  livestock.  These  quarters  must  consist  of  substantial  buildings,  constructed 
to  resist  storm  and  conserve  animal  heat  and  must  have  adequate  light,  drainage, 
and  ventilation. 

In  locations  subject  to  deep  snowfall,  ample  provision  should  be  made  to 
protect  from  snow,  by  covered  enclosures,  the  passages  leading  from  one  building 
to  another;  and  the  buildings  should  be  grouped  as  close  together  as  their  fire- 
resisting  qualities  will  permit.  In  the  central  states,  fewer  precautions  may  be 
taken  against  snow.  The  farming  is  more  diversified,  and  calls  for  a larger  num- 
ber of  buildings,  which  makes  grouping  more  difficult.  In  the  Rocky  Mountain 
region,  the  farm  group  will  consist  chiefly  of  stock  shelters  and  small  storage  bins 
for  grain.  In  the  West,  where  the  air  is  dry,  more  attention  should  be  given  to 
fruit-drying  sheds,  packing  houses,  granaries,  etc.  In  the  South,  the  equipment  of 
buildings  need  not  be  so  extensive.  Special  attention  should  be  given  to  grouping 
the  buildings  on  a high  place  where  drainage  is  good ; manures  and  wastes  should  be 
located  at  a greater  distance  from  the  group;  and  more  attention  should  be  given 
to  protection  against  flies  and  other  insects. 

Topographic  conditions.  It  is  not  advisable  to  locate  the  farm  group  between 
hills,  for  several  reasons.  First,  because  of  “trapped  air”;  the  group  must  have 
a free  air  current.  A valley  generally  lacks  air  drainage  as  well  as  water  drainage. 
Cold  air  will  settle  between  hills.  The  night  temperature  in  a valley  is  always 
colder  than  at  a location  where  there  is  more  circulation.  Further,  in  warm 
weather,  valley  air  becomes  very  sultry. 

Second,  because  of  difficult  land  drainage.  Valley  land  is  always  the  last  to 
dry  off  after  a storm  and  the  last  to  thaw  out  in  the  spring.  It  will  catch  the 
largest  amount  of  snow,  and  hold  it  longest. 
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Fig.  461.  A windbreak  both  protects  and  beau- 
tifies the  farmstead 


Third,  because  of  short  days.  The  morning  sun’s  rays  are  later  in  reaching 
the  valley,  and  the  evening  rays  are  cut  off  earlier,  making  the  days  shorter,  colder 
in  winter,  damper  in  spring,  and  warmer  in  summer,  from  lack  of  air  circulation. 
In  this  respect,  hills  on  the  north  and  south  of  the  group  are  not  so  objectionable 
as  hills  to  the  east  and  west. 

The  extreme  top  of  a hill  is  the  most 
healthful  location  for  man  or  beast,  but  it 
sometimes  has  objections  which  should  be 
considered.  Storms  are  very  severe,  re- 
quiring special  bracing  in  the  construction 
of  buildings;  and  windbreaks  around  the 
yards  and  stockpens  are  necessary.  All 
feed  and  other  supplies  must  be  drawn 
uphill  to  their  destination.  The  first  objec- 
tion may  be  overcome  in  the  manner  suggested,  and  the  second  is  not  serious, 
unless  the  hill  is  long  and  steep.  On  a prairie  or  slightly  rolling  country,  the 
highest  point  on  the  farm  is  always  the  choice  for  the  farmstead,  provided  its 
location  is  not  too  far  from  the  centre  of  farm  operations. 

The  advantages  are  long  days  of  sunshine,  good  air,  good  drainage  and,  in  most 
cases,  good  views  of  the  farm. 

Hillside  with  southern  slope  the  ideal  location.  A hillside  as  the  location 
for  the  farm  group  may  be  ideal  or  it  may  be  objectionable,  depending  on  the 
amount  and  direction  of  its  slope.  Just  over  the  brow  of  a hill  on  the  southern 
slope  is  an  ideal  location  for  the  farm  group,  because  it  gives  protection  from  cold 
storms,  and  is  open  to  the  sunshine. 

A southern  exposure  for  all  buildings  containing  livestock  makes  an  ideal  con- 
dition, as  far  as  climate  is  concerned,  because  here  the  ground  dries  out  fast 
after  a rain  and  the  warm  air  currents  are  received. 

Soil  conditions.  As  the  farm  buildings,  drives,  and  yards  occupy  a not  in- 
considerable space,  which  becomes  unavailable  for  agricultural  purposes,  the 
question  of  sou  should  be  considered.  It  pays  to  set  the  group  a little  farther 
away  from  the  highway,  if  the  land  along  the  highway  is  more  fertile  than  some 
other  soil  on  the  farm  which  has  no  objectionable  features  as  to  slope  or  location. 

Some  of  the  barren  spots  on  the  farm, 
IjAnjMot  composed  of  soil  which  is  not  fertile, 
*/■*  may  also  be  objectionable  for  the  yards, 

7 if  it  is  of  a dense  nature  that  will  not 

drain  or  dry  out  quickly;  for  example, 
clay  or  gumbo.  These  objections  may  be 
overcome  by  filling  on  top  with  sand, 
gravel,  or  cinders,  after  the  surface  has 
first  been  well  tiled. 

Type  of  fanning.  The  type  of  farm- 
_ that  is  to  be  done  willafiect  the  kind 
and  number  of  buildings  more  extensive- 
ly than  their  location,  although,  the  more 
diversified  the  fanning,  the  more  cen- 
trally the  buildings  should  be  located. 

A stock  or  grain  farm  may  have  the 
farm  group  at  one  comer,  or  at  the 
centre;  but  where  the  fanning  system 
includes  dairying,  grain,  meat  stock, 
gardening,  and  small  fruit,  the  location 


BlouqK 

m m WWW  mm 


oaoaaO  r~joooo 

So  ** 


Gtm 


•A  * 


mg 


X 

: planting  around  the  farmhouse 
should  do  at  least  three  thin 
prevailing  winds;  block  out  i 

the  vistas  that  are  beautiful  t 

neighborhood  and  friends.  (Ia.  Exp.  Station.) 
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must  be  very  carefully  studied  with  a view  to  the  elimination  of  unnecessary 
fences,  drives,  etc. 

Kind  of  labor  used.  On  the  small  farm,  where  most  of  the  work  is  done  by 
members  of  the  family  or  by  permanent  help,  housed  in  or  near  the  residence, 
the  buildings  may  be  grouped  closer  to  the  house,  with  all  walks,  as  far  as  possible, 
covered  with  shelter  roofs.  Where  the  work  is  done  mostly  by  temporary  labor 
housed  in  isolated  tenement  houses,  all  the  barns  may  be  located  farther  away 
from  the  residence:  but  the 


labor  headquarters  should  be 
near  enough  to  the  bams  for 
the  chores  to  be  conveniently 
performed. 

The  Site  and  the 
Buildings 

After  noting  the  foregoing 
requirements  and  applying 
them  to  your  particular 
farmstead  problem,  carefully 
considering  the  slope  of  the 
land  with  relation  to  drainage 
and  exposure,  and  the  position 
of  the  site  in  regard  to  the 
highway  and  market,  it  will 
not  be  difficult  to  decide 
whether  your  farmstead  shall 
face  north,  east,  south,  or 
west.  Topographic  and  soil 
conditions  should  determine 
the  proper  location;  the  type 
of  farming  will  then  determine 
the  number  of  buildings  re- 
quired; the  size  of  the  farm 
will  determine  the  size  of  the 
buildings;  and  the  value  of 
the  land  and  its  permanence 
for  farming  purposes  should 
determine  the  type  of  con- 


Fig.  463.  Ideal  arrangement  of  the  farmstead  on  a large,  general 
farm.  A smaller  enterprise  would  permit  the  combining  of  some 
of  these  buildings  with  a corresponding  additional  saving  of  time 
and  steps. 


struction. 


A farmstead  designed  for  a south  front  is  not  practical  for  a north  front; 
neither  is  one  designed  for  a west  front  practical  for  an  east  front.  The  compass 
points  must  be  in  the  mind’s  eye  from  start  to  finish.  They  should  be  considered 
in  grouping  the  buildings  in  proper  relation  to  one  another,  in  the  proper  facing 
of  each  building,  and  in  the  planning  01  its  interior  arrangement. 

To  place  the  buildings  properly,  the  first  consideration  should  be  their  relation 
to  one  another  and  to  the  iarm  in  general.  Farm  routine  and  convenience  to 
drives,  fields,  and  highways  should  also  be  studied.  Fig.  463  serves  to  illustrate, 
by  means  of  the  arrows,  the  relative  connections  of  the  buildings  with  one  another. 
In  determining  their  respective  locations,  the  suggestions  offered  in  the 
following  paragraphs  should  prove  useful.  It  is,  of  course,  impossible  to  tell  how 
any  one  farmstead  should  be  arranged  without  carefully  studying  its  problems. 
The  aim  should  be  to  come  as  near  as  possible  to  the  ideal  arrangement  outlined. 
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Fig.  464.  This  is  not  a very  attractive  view.  If 
the  farmhouse  looks  out  only  upon  such  scenes,  either  it 
should  be  moved  and  rearranged,  or  the  farmyard  and 
buildings  should  be  made  more  pleasant  to  look  at. 

The  residence.  This  should  always  remain 
the  most  important  building  of  the  group. 
Its  location  should  be  slightly  higher  than 
that  of  any  of  the  other  buildings  and  should 
afford  a supervising  view  of  the  farm. 

With  regard  to  the  highway  the  residence 
should  be  beyond  the  dust  zone,  which,  in 
some  localities,  has  been  estimated  to  extend 
650  feet  north,  65  feet  south,  250  feet  east 
and  320  feet  west  of  the  highway.  The 
residence  should  have  a good  view  of  the 
highway  and  of  other  points  of  interest.  Its 
location  should  be  such  that  prevailing  winds 
will  carry  barn  odors  away  from  the  house. 

The  general-purpose  barn.  The  small 
farm,  where  only  a few  head  of  each  kind  of 
livestock  are  kept,  does  not  justify  separate 
buildings  for  the  various  purposes,  but  all 
stock  (except,  perhaps,  the  chickens  and  hogp, 
which  have  separate  sheds),  feed,  and  grain 
are  placed  in  one  barn. 

The  location  of  this  barn  should  be  very 
central,  on  well-drained  land,  and  with  con- 
venient access  to  and  from  the  house,  fields, 
pasture,  highway,  and  feeding  yards. 

It  should  be  so  placed  with  relation  to  the 
compass  that  all  livestock  may  have  the 
maximum  of  sunshine  and  the  best  of  protec- 
tion from  winter  storms. 

The  dairy  barn.  This  barn,  in  which  is 
roduced  the  most  nutritious  of  food  for 
liman  beings — a food  which  is,  however, 
the  most  susceptible  to  contamination  and 
foreign  odors — should  be  considered  the  most 
important  bam  on  any  farm  where  dairy 
roducts  are  produced.  It  need  not  always 
e the  most  expensive,  nor  the  largest  bam 
in  the  group,  but  it  should  have  the  choicest 
location  with  relation  to  drainage,  air  cir- 
culation, sunshine,  and  everything  pertaining 
to  its  sanitation.  It  should  have,  also,  con- 
venient access  to  the  hay  and  feed  bam,  silo, 
exercising  yards,  and  milkhouse.  It  is 
advisable  to  keep  the  dairy  bam  isolated  from 
all  other  bams  containing  livestock. 

The  horse  bam.  Until  the  power  tractor 
shall  have  entirely  displaced  the  work  horse, 
provision  will  have  to  be  made  for  the  latter 
among  the  buildings  on  the  farm.  The 


horse  should  be  housed  in  a bam  which  may 
also  contain  feed  bins,  hay  storage,  bedding 
storage,  etc.  The  location  of  the  horse  bam 
should  be  selected  with  reference  to  conven- 
ience to  the  general  yard,  implement  and 
vehicle  shed,  cultivated  fields,  highway, 
exercise  yards,  and  granary. 

The  cattle  bam.  The  bam  for  beef  cattle, 
dry  stock,  and  young  stock  should  be  located 
adjacent  to  a roomy  feeding  lot,  so  that  the 
stock  may  freely  enter  or  leave  the  bam  as 
they  choose,  when  the  weather  will  permit. 
It  should  have  large  sliding  doors  on  the  south, 
and  should  form  a good  windbreak  and  shelter 
on  the  north  of  the  feeding  lot.  A cattle  bam 
is  not  complete  without  a silo,  which  must  be 
convenient  to  the  bam  and  feeding  yard. 

The  construction  of  the  bam  and  hay  racks 
should  make  the  feeding  as  nearly  auto- 
matic as  possible. 

The  foregoing  remarks  relating  to  the  cattle 
bam  apply  also  to  the  sheep  bam. 

The  granary.  The  granary  is  a very  impor- 
tant building  on  most  farms,  and  its  location 
should  be  studied  with  the  view  of  having  it 
convenient  to  the  lanes  leading  to  the  grain 
fields.  It  should  be  convenient,  also,  to  all  bams 
containing  livestock,  and  to  the  feeding  lot. 
Its  contents  being  very  valuable,  it  should  be 
far  enough  away  from  other  buildings  to  pre- 
vent loss  by  fire.  Sunshine  and  fresh-air  cir- 
culation are  very  necessary. 

The  hoghouse.  Where  hogs  are  kept  in 
connection  with  cattle,  the  hoghouse  should 
be  so  located  that  the  hogs  may  be  turned 
into  the  cattle-feeding  lot  and  allowed  to 
pick  up  all  the  food  which  the  cattle  would 
waste.  Also,  the  hoghouse  should  be  quite 
near  the  corn-crib,  for  convenience  in  winter 
feeding,  and  should  have  sunshine  and  good 
air  circulation.  The  location  should  also 
be  such  that  prevailing  winds  will  carry  the 
odors  of  the  hoghouse  away  from  other 
buildings,  especially  the  milkhouse,  dairy 
bam,  and  residence. 

The  poultry  house.  The  poultry  build- 
ings of  most  farms  are  sadly  neglected,  be- 
cause they  are  built  with  the  idea  of  making 
possible  the  existence  of  a few  hens,  which 
may,  to  a greater  or  less  extent,  aid  the  house- 
wife with  her  daily  menu,  through  the  supply 
of  a few  eggs  and  an  occasional  fryer. 

The  very  fact  that  the  poultry  plant  of  the 
farm  is,  in  most  cases,  turned  over  to  the 
women  folks  to  look  after,  is  sufficient  reason 
why  its  location  and  convenience  should 
receive  careful  attention. 

The  vital  points  to  be  considered  are:  (1) 
healthfulness  of  location;  (2)  convenience  of 
situation  with  relation  to  the  residence;  and 
(3)  care  in  design,  with  reference  to  conve- 
nience in  feeding,  egg  gathering,  etc. 

(1)  The  location  of  the  poultry  house 
should  be  a healthful  one  for  the  fowls,  dry, 
and  with  good  air  and  plenty  of  sunshine. 
Provide  ample  glass  or  canvas-covered  open- 
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A complete  layout  of  farm  bams.  At  left , horse  stables;  at  right , cow  and  hay  bams  (connected) ; 
in  the  middle  foreground , manure  pit  and  shed;  in  the  right  foreground , hog  house 


Range  of  horse,  storage,  dairy  and  cow  bams  on  a Vermont  farm,  all  facing  south,  close  to- 
gether and  directly  across  the  drive  from  the  dwelling 

Farm  Buildings  Must  Be  Planned  and  Placed  With  Reference,  First,  to  Their  Purpose, 
and,  Second,  to  the  Natural  Conditions  of  the  Locality 
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Concrete  and  metal  are  the  safest  materials  for  both  stock  and  stockman,  and  the  cleanest  and 

most  sightly  as  well 


The  Purpose  of  Modern  Barn  Equipment  Is  to  Make  Conditions  Safe  and  Sanitary, 
and  the  Labor  of  the  Daily  Chores  as  Light  as  Possible 
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ings  on  the  south  side,  also  fresh-air  intakes 
and  foul-air  outlets  operating  independently 
of  the  doors  and  windows  so  that  proper 
ventilation  may  be  assured.  If  the  ideal 
location  is  not  high  and  dry  enough,  build 
the  house  high  and  fill  in  with  gravel,  cinders, 
or  other  porous  material,  to  keep  the  place 
dry. 

(2)  The  poultry  house  should  be  con- 
veniently located  with  relation  to  the  resi- 
dence; and  the  walk  between  the  two  should 
be  protected  from  rain,  snow  and  mud.  If 
a shelter  roof  is  out  of  the  question,  a cement 
or  plank  walk  should,  at  least,  be  provided. 


and  this  should  be  sufficiently  elevated  to 
drain  and  to  keep  off  drifting  snow. 

(3)  Careful  design  in  detail  with  regard  to 
convenience  in  feeding,  cleaning,  disinfecting, 
the  division  of  flocks,  egg  gathering,  etc.,  is 
important.  A hallway,  from  which  feeding 
and  cleaning  may  be  done  without  entering 
the  room  containing  the  flock,  equipped 
with  tilting  or  sliding  feed  troughs  and  auto- 
matic feeders,  is  simple  to  build,  and  can  be 
so  arranged,  with  feed  bins  overhead,  that 
the  feeding  can  be  accomplished  by  pulling 
a lever  that  will  open  the  spout  from  a hopper- 
bottomed  bin  to  the  feed  trough. 


Buildings  Under  One  Roof 

The  idea  of  grouping  all  buildings  under  one  connected  roof  is  a good  one  and 
has  points  in  its  favor,  when  the  size  of  the  farm  will  justify  such  arrangement, 
and  when  the  farm  is  permanent  and  valuable  enough  to  justify  the  construction 
of  semifireproof  buildings  having  effective  fireproof  walls  between  them. 

Connected  farm  buildings  should  be  built  around  an  open  court,  which  may  be 
subdivided  by  walks  or  fences  so  that  part  may  be  used  for  livestock  and  part 
for  a general  yard  with  convenient  gateways  to  the  farm  roads  and  the  highway. 

If  the  farm  does  not  justify  building  the  structures  with  masonry  walls  and 
fire-resisting  roofs,  the  idea  of  connected  buildings  should  not  be  considered. 
The  walks  between  the  several  buildings  may,  however,  be  protected  by  shelters 
which  could  be  quickly  wrecked  and  cleared  away  in  case  of  fire. 
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The  Farmhouse: 

Its  Location  and  Design 

By  Ruby  Westlake  Freudenberger,  of  Columbia,  Missouri,  who  was  born  and  reared  on  a 
farm  in  Boone  County,  that  state,  but  whose  Maryland  and  Virginia  ancestors  make  her  in  name 
and  fact  a Daughter  of  the  American  Revolution.  After  graduating,  with  two  degrees,  from  the 
University  of  Missouri,  she  tauoht  mathematics  there  for  two  years.  From  1911  to  1917,  she  lived 
in  Carson  City,  Nevada,  where  her  husband  was  Chief  Engineer  of  the  Public  Service  Commission, 
and  where  she  was  named  by  the  Governor  as  member  of  the  State  Commission  for  the  Promotion 
of  Uniform  Legislation  in  the  United  States.  She  has,  however,  at  all  times,  been  deeply  interested 
in  the  social  and  home  problems  of  country  life  and  the  conditions  that  give  rise  to  them,  carrying 
on  personal  investigations,  working  out  principles  and  methods,  and  contributing  valuable  articles 
or.  different  phases  of  the  subject  to  rural  life  publications.  In  connection  with  the  technical  engi- 
neering problems  of  home  making,  she  has  had  the  cooperation  of  Mr.  Freudenberger  {see  Chapter 
18)  with  a lifetime  of  training  and  practical  experience  behind  him. — Editor. 

THE  farmhouse  is  a distinct  type  of  building.  Its  uses  are  as  definite  and 
characteristic  as  those  of  a shoe  factory  or  a flour  mill,  and  it  should  be 
planned  and  located  with  the  same  specific  regard  to  the  ends  of  its  use  as  those 
buildings  are.  It  should  be  highly  specialized  both  in  its  plan  and  in  its  design. 

The  farmhouse  is  now  being  accorded  the  expert  scientific  thought  which  its 
importance  has  long  warranted,  and  which  promises,  at  least,  to  put  it  upon  the 
same  plane  of  efficient  development  with  the  purely  utilitarian  farm  buildings. 

The  Farmhouse  is  Both  a Home  and  a Business  House 

While  the  farmhouse  is  a dwelling,  some  of  the  controlling  considerations  in 
other  types  of  homes  have  no  bearing  here:  it  has  its  own  peculiar  set  of  conditions, 
and  its  problems  must  be  faced  and  solved  for  its  own  peculiar  needs.  Sugges- 
tions and  help  may  be  gathered  from  a study  of  other  dwellings;  but  in  this  the 
characteristic  demands  and  distinctive  quality  of  the  farmhouse  must  not  be  for- 
gotten. A study  of  houses  reveals  so  many  beautiful  ones,  pleasing  because  of 
perfect  adaptation  to  surroundings  and  uses,  that  it  is  difficult  not  to  be  carried 
away  by  their  charm  and  appeal,  and  to  remember  that  they  are  not  farmhouses 
and  that  they  do  not  meet  the  fundamental  requirements  of  the  farmhouse. 

The  farmhouse  is  unique  in  that  its  purposes  are  twofold:  it  must  serve  both 
as  a home  and  as  a business  house.  As  neither  purpose  must  be  subordinated  to 
the  other,  the  farmhouse  must  combine  in  its  arrangement  the  essential  demands 
of  both. 

The  requirements  of  the  farmhouse  as  a home  differ  very  little  from  those  of 
any  other  house,  whether  in  city,  town,  or  village,  because  the  ultimate  aims  and 
broad  purposes  of  real  homes  are  the  same  everywhere.  A house  in  which  a home 
is  to  be  established  must  provide  for  the  physical  comfort  and  health  of  the  in- 
mates, and  for  social  activity  commensurate  with  the  standing  and  mode  of  life 
of  the  family;  and  it  must  also  meet  the  need  and -desire  for  beauty  in  surroundings 
and  aid  in  satisfying  the  aesthetic  and  intellectual  demands  of  human  existence, 
besides  providing  for  pleasures  and  cultural  pursuits.  A good  house  is  necessary 
to  a good  home,  and  a good  home  is  necessary  to  proper  human  development. 
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Wherein  the  farmhouse  differs  from  other  homes.  It  is,  therefore,  not  in 
essentials  that  the  farmhouse  should  differ  from  other  homes,  but  in  a more  rigid 
elimination  of  nonessentials.  Life  is  simpler  and  less  complex  in  the  country  than 
in  the  city;  hence,  the  farmhouse  should  be  simplified  in  arrangement  and  free 
from  all  useless  ornamentation  and  complicated  construction.  Thus  it  will  be 
easier  to  get  about  in  and  will  require  less  labor  to  keep  clean. 

It  is  in  the  arrangements  for  lightening  the  housework,  and  easing  up  the 
strain  on  the  housewife,  that  the  problem  of  the  farmhouse  differs  most  from  that 
of  city  houses;  for  the  farmhouse  is  practically  servantless.  Every  detail  of  the 
house  should  be  designed,  as  far  as  possible,  with  a view  to  conserve  the  time  and 
strength  of  the  housewife,  and  to  make  it  possible  for  her  to  provide  clean,  cheer- 
ful, and  inviting  home  conditions  for  her  family.  Since  she  must  be  the  home- 
maker as  well  as  the  housekeeper,  she  must  be  spared  some  vitality  and  spirit 
to  devote  to  the  care  and  training  of  her  children,  and  to  enable  her  to  maintain  a 
home  standard  in  keeping  with  the  demands  of  the  culture  and  progress  of  the 
times. 

In  its  industrial  aspect,  the  farmhouse  is  not  only  the  workshop  of  the  house- 
wife, but  it  is  also  the  vital  centre  from  which  radiate  all  of  the  activities  of  the 
farm.  It  is  a fundamental  unit  in  the  group  whose  aggregate  is  the  farm  plant. 
Its  right  placing  and  arrangement  will  mean  much  for  the  success  of  the  farm  as  an 
industrial  institution;  for  these  will  be  factors  in  determining  the  whole  plan  of 
the  farm  operations,  and  the  consequent  labor  program  and  efficiency. 


Problems  Connected  With  the  Choice  of  a Site 


The  great  diversity  of  natural  conditions  of  soil  and  climate  in  this  country 
has  given  rise  to  varied  systems  of  agricultural  pursuits,  each  section  developing 
and  following  that  system  best  adapted  to  its  needs  and  possibilities.  These,  in 
turn,  bear  strongly  on  the  requirements,  arrangement,  and  location  of  the  farm- 
house and  on  its  position  in  the  general  layout  of  the  farmstead. 

Natural  climatic  conditions  have  a direct  bearing,  too,  on  the  location  of  the 
farmstead;  for  it  must  be  so  placed  as  to  furnish  protection  from  cold  arid  heat, 
snow  and  rain,  dust,  wind,  insects,  and  unhealthful  vapors, 
i The  contour  and  the  general  surface  conditions  of  the  site  must  be  such  as  to 
permit  an  economical  and  convenient  arrangement  of  the  group  of  buildings. 
Clearly,  a bleak,  rocky  point 
or  the  side  of  a steep  incline 
would  not  meet  this  demand. 

Selection  of  a site.  The 
time-worn  adage  “Circum- 
stances alter  cases”  is  no- 
where truer  than  in  choosing 
a site  for  the  farmstead ; there 
are  so  many  factorsto  be  taken 
into  account,  so  many  objec- 
tives to  be  sought,  and  so 
many  conditions,  natural  and 
artificial,  to  be  reckoned  with. 

Some  of  these  may  be  con- 
trolled or  modified,  while 
others,  such  as  the  natural 

DrODertieS  of  the  site,  are  fig.  466.  The  farmhouse  is  necessarily  isolated  from  its  neighbors; 
^ ^ , J xi  } A ^ should  therefore  be  sheltered  from  storm  and  wind — a real  haven  of 

permanent  ana  fixed,  ana  refuge  and  comfort. 
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must  be  accepted.  These  may  be  taken  advantage  of  and  so  incorporated  into 
the  plan  as  to  serve  useful  ends  and  add  to  the  general  charm  and  efficiency  of 
the  whole. 

The  dual  purpose  of  the  farmhouse  complicates  the  problem  of  the  site,  as 
well  as  that  of  the  plan  of  the  house.  The  relative  importance  of  the  different 
elements  involved  varies  in  the  different  sections,  and  even  for  each  individual 
farm.  Hence,  any  plan  must  involve  compromises  and  concessions,  the  giving 
up  of  some  advantages  to  secure  greater  ones,  or  to  allow  the  incorporation  of 
features  appealing  to  individual  tastes. 

The  size  of  the  farm;  the  system  of  farming  followed;  general  climatic  condi- 
tions; surface  contours,  bearing  upon  air  and  water  drainage;  the  nearness  and 
relation  of  the  farm  to  the  public  highway;  the  source  of  the  water  supply;  the 
outlook  and  general  surroundings;  and,  finally,  personal  preferences — these  are 
some  of  the  more  important  points  to  be  considered  in  selecting  a site  for  the  farm- 
house. Probably  no  arrangement  can  be  worked  out  which  will  secure  the  ideal 
adjustment  of  all  of  these  details;  but  systematic  study  of  their  relations  to  one 
another  and  of  their  influence  upon  farm  life  will  obviate  many  of  the  inconve- 
niences and  discomforts  existing  on  farms  to-day. 

In  the  northern  and  northeastern  sections  of  the  United  States,  where  the 
winters  are  long  and  severe,  compactness  of  arrangement  of  the  farm  buildings 

is  necessary.  Here  a site 
should  be  chosen  that  will  pro- 
vide some  natural  protection 
against  snowdrifts  and  the 
sweep  of  winter  winds;  and 
will  permit  such  a grouping  of 
the  buildings  that  the  feed  and 
the  stock  may  be  housed  close 
at  hand  and  be  reached  without 
the  attendants  having  to  go 
out  of  doors.  The  outbuild- 
ings, such  as  laundries,  wood- 
sheds, and  storerooms,  might 
advantageously  form  a series 
leading  from  the  house  to  the 
bams. 

In  the  South,  where  opposite  climatic  conditions  obtain,  an  open  arrangement 
of  the  buildings  allowing  free  passage  of  the  winds  is  desirable,  and  the  site  should 
be  so  chosen  as  to  take  advantage  of  shade  and  the  prevailing  breezes  to  relieve 
from  the  heat  of  the  long  summers.  Care  must  be  taken  to  guard  against  odors 
from  the  bams  being  carried  to  the  house,  and  special  provision  must  be  made  to 
screen  against  flies,  mosquitoes,  and  other  insect  pests. 

On  the  wind-swept,  treeless  plains  of  the  West,  the  problem,  after  the  water 
supply  has  been  provided  for,  is  to  find  such  protection  as  may  be  had  from  the 
dust  and  burning  sun  of  summer,  and  from  the  snowdrifts,  blinding  storms,  and 
freezing  winds  of  winter.  Angles  and  ells  of  the  house  may  be  so  placed  as  to 
break  the  sweep  of  winds  in  winter  and  provide  shady  spots  in  summer.  Out- 
buildings, also,  will  serve  as  shields,  if  located  in  proper  relation  to  the  house 
and  yards. 

In  the  Central  West,  notable  alike  for  diversity  of  crops  and  diversity  of 
climate,  provision  must  be  made  against  extremes  of  both  heat  and  cold,  against 
rainy  seasons  and  periods  of  drought,  against  dust,  mud,  snow,  hail,  and  wind. 
The  site  must  be  chosen  with  these  demands  in  mind;  and  the  great  complexity 


Fig.  466.  The  farm  home  should  belong  to  its  surroundings;  to 
this  end  stone  obtained  on  the  farm  makes  a highly  satisfactory  build- 
ing material. 
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of  the  problem  makes  its  satisfactory  solution  a correspondingly  greater  achieve* 
ment>  The  short,  intensive  cropping  season  of  the  Corn  Belt  gives  rise  to  a distinc- 
tive plan  of  operations;  and  this,  in  turn,  calls  for  a particular  and  suitable  farm- 
stead arrangement. 

In  mountainous  sections,  sheltered  sites,  shielded  against  snowslides  ana,  ex- 
posed away  from  the  usual  direction  of  storms,  are  naturally  chosen.  The  selec- 
tion of  the  site  is  a matter  deserving  serious  thought  and  most  careful  weighing 
of  the  many  points  to  be  considered.  Our  pioneer  forefathers  located  their  homes 
with  a view  to  the  sole  requisite  of  nearness  to  a water  source.  They  bothered 
not  at  all  about  drainage,  malaria-laden  fogs,  opeiuviews,  or  step-saving  plans. 
Consequently,  we  find  many  old  homesteads  in  low  places  near  springs,  or  on  the 
hilltops  just  above  them. 

Once  the  site  is  chosen,  it  becomes  about  the  most  permanent  thing  on  the 
place.  It  probably  fixes  the  abiding  place  of  generations  of  human  beings,  and 
the  silent  influence  of  its  conditions  and  surroundings  leaves  its  mark  on  the  na- 
tures and  constitutions  of  those  who  pass  in  procession  there.  Often,  sentiment 
alone  perpetuates  it  as  a home,  with  all  its  satisfying  or  distressing  qualities. 

If  the  site  offers  such  natural  advantages  as  will  make  easy  and  economical 
the  providing  of  modem  conveniences  and  the  many  small  adjuncts  that  mean  so 
much  for  the  comfort  and  well-being  of  the  workers,  the  farm  home  may  secure 
them;  but,  if  a deal  of  labor  and  expense,  and  planning  and  changing  be  necessary 
to  have  them,  the  family  most  likely  drifts  along  without  them  through  years  of 
accumulated  discomfort  and  weariness  of  body  and  soul.  If  the  sunshine  and 
cool  breezes  and  beautiful  vistas,  and  gorgeous  sunsets  just  naturally  go  with  the 
site,  the  farm  family  have  the  benefit  and  inspiration  of  daily  existence  under  such 
influences;  but  if  they  must  be  secured  by  some  rearrangement  of  buildings  or 
trees,  or  by  some  extra  expenditure  of  thought  and  effort,  they  are  most  often 
done  without.  The  far-reaching  effect  of  site  conditions  makes  the  choice  of  a 
location  for  the  farmhouse  the  prime  consideration  of  the  home  builder. 

Desirable  features  of  the  farmhouse  site.  The  building  site  should  be  airy, 
sunny,  and  well-drained.  These  ends  are  best  obtained  by  selecting  a high,  open 
space,  where  the  sun  and  air  can  reach  the  house.  This  is  as  important  for  the 
lasting  quality  of  the  house  as  for  the  health  of  the  family.  There  should  be  some 
large  trees  for  both  shade  and  beauty;  but  they  should  be  so  situated  as  not  to 
shut  out  the  breezes,  and  the  shade  should  fall  on  the  yard,  rather  than  on  the 
house  itself.  Direct  sunshine  on  a house  is  more  tolerable  in  summer  than  re- 
flected heat  from  the  ground,  and  is  much  to  be  desired  in  winter. 

One  seeming  variation  from  this  rule  should  be  a tree  to  provide  after- 
noon shade  for  a west  porch  or  door.  This  tree  need  not  be  so  near  the 
house,  however,  as  to  violate  the  general  rule  laid  down. 

A densely  wooded  yard  is  dark, 
damp,  and  moldy,  and  is  often  as  badly 
in  need  of  ventilation  as  a shut- up 
house.  Trees  close  up  or  touching  a 
house  hold  the  dampness,  and  cause  the 
roof  or  walls  to  rot. 

Another  important  reason  for  choos- 
ing a high  location  is  that  this  makes 
possible  good  drainage,  and  secures 
against  damp  yards,  cellars,  and 
foundations.  So  far  as  climatic  condi- 
tions are  concerned,  the  best  location  Fic.  467.  Sunlight  is  as  necessary  in  the  home  as  m 

the  bams.  These  trees  are  too  thick  and  too  dose  lor 
IOr  SL  SGt  Of  bUUaingS  IS  just  O V6T  tnc  either  health  or  comfort. 
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brow  of  a hill  on  the  south  slope.  This 
allows  more  sunshine  for  the  yards  and 
buildings  in  winter — a great  advantage 
in  securing  warmth  ana  dryness.  The 
high  location  will  get  the  cool  summer 
breezes,  and  the  air  will  be  purer  as  well 
as  cooler.  Damp,  foggy,  cold  air  settles 
in  the  valleys  and  low  spots  in  still 
weather,  and  these  places  have  fewer 
hours  of  sunshine.  Destructive  frosts, 
too,  often  form  in  low  places,  when  the 
uplands  escape  entirely. 

It  may  be  objected  that  the  high  points 
are  also  more  exposed  to  the  sweep  of  winter  winds;  but  if  the  slope  be  to  the 
south  or  if  there  be  a slightly  higher  rise  to  the  north  or  northwest,  this  objection 
does  not  hold.  Besides,  artificial  windbreaks  may  be  provided  by  planting  trees 
or  by  judicious  placing  of  outbuildings. 

There  are  many  more  artificial  means  of  protection  against  cold  than  against 
heat,  hence  we  must  take  advantage  of  all  possible  natural  elements  for  keeping 
buildings  cool  in  summer,  and  warm  in  winter.  The  summer  is  the  time  of  stress 
for  farmer  folk,  the  period  of  greatest  demands  on  their  energy  and  endurance; 
therefore,  the  greatest  care  should  be  taken  to  provide  them  with  every  possible 
comfort  and  help  for  this  season.  In  the  winter,  more  of  their  time  and  energy  is 
available  for  the  promotion  of  personal  ease  and  comfort. 

A high  location  necessitates,  of  course,  a climb  every  time  the  farmer  or  his 
helpers  come  to  the  house  from  the  fields  or  from  market;  and  if  the  bam  is  on  the 
same  elevation  as  the  house,  all  the  crops  to  be  stored  in  it,  as  well  as  all  building 
materials  and  general  supplies,  must  be  pulled  up  the  grade.  This  is  considered 
so  serious  a drawback  by  some  farmers — it  is  not  regarded  so  seriously  by  the  farm 
wife,  usually— that  they  allow  it  to  outweigh  all  of  the  advantages  of  the  high  site. 

However,  on  big  farms — and  it  is  only  such  that  produce  large  crops  to  be 
stored  or  moved — extensive  stock  feeding  is  usually  carried  on.  The  feeding 
should  be  done  over  various  fields  for  the  economical  distribution  of  the  manure 
and  for  soil  building,  aside  from  other  considerations.  Extra  storage  bams  might 
be  erected  on  a spot  having  the  general  level  of  the  fields  or  road,  so  that  a com- 
paratively small  amount  of  hauling  need  be  done  to  the  hill  bam. 

The  high  location  commands  a view  of  the  surrounding  country  and  makes 
use  of  the  subtle  influences  of  beautiful  scenery  and  picturesque  surroundings. 
Often  the  outlook  alone  would  justify  the  choice  of  the  most  elevated  spot.  The 
road  up  to  it  may  be  rough  and  steep,  but  no  height  is  ever  attained  without  its 
climb.  The  aesthetic  phase  of  the  building  site  does  not  often  receive  the  atten- 
tion it  deserves.  Splendid  views  and  inspiring  landscapes  are  permanent  features 
of  the  estate;  their  influence  is  a constant  force;  and  they  are  ever-present  sources 
of  pleasure  and  aids  to  uplift. 

The  homestead  on  an  eminence  gathers  something  of  impressiveness  and  dig- 
nity from  its  elevation  and  commanding  position. 


Fig.  468.  A bare,  unadorned  building  is  never  a 
real  home.  It  should  have  a background,  a setting 
as  well  as  a pleasing  outlook. 


House  should  be  well  back  from  highway. " 
The  farmhouse  should  be  well  back  from 
the  main  highway,  alike  for  artistic  reasons, 
in  order  to  be  out  of  the  dust  zone,  and  to 
secure  comfortable  privacy  and  seclusion. 

Just  how  far  from  the  road  it  will  be  nec- 
essary to  place  the  house,  to  escape  the  dust, 


will  depend  upon  the  direction  of  the  house 
from  the  road;  for  the  direction  of  the  pre- 
vailing winds  determine  the  width  of  the  oust 
area.  For  instance,  a house  north  of  the 
road  needs  to  be  farther  back  than  one  on  the 
south  side,  as  in  most  sections  of  this  country 
the  prevailing  winds  are  from  the  south. 
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especially  in  summer — the  dusty  season.  It 
has  been  estimated  that,  in  order  to  be  safely 
away  from  the  dust,  a house  north  of  a well- 
traveled  highway  should  be  set  back  40  rods; 
south  of  a well-traveled  highway,  4 rods;  east 
of  the  highway,  15  rods;  and  west  of  the  high- 
way, 20  rods.  These  distances,  however, 
except . possibly  the  first,  are  hardly  great 
enough  to  meet  the  demands  of  the  best 
landscape  effects. 

The  advent  of  the  automobile  and  its 
extensive  use  as  a means  of  country  travel 
have  widened  the  dust  zones  and,  at  the  same 
time,  have  removed  some  of  the  social  reasons 
for  placing  the  house  near  the  road.  The 
automobile,  rural  delivery,  and  the  telephone 
have  done  away  with  the  need  of  having  the 
home  so  placed  as  to  enable  the  farmer's 
wife  to  look  up  from  her  work  and  view  the 
passing  along  the  road  as  a social  diversion 
and  as  a means  of  keeping  informed  regarding 
the  movements  of  the  neighbors. 

Ample  grounds  and  a private  driveway 
desirable.  No  farmhouse,  however  beauti- 
fully designed,  can  give  its  best  effect  or 
show  to  its  full  advantage  unless  surrounded 
by  ample  pounds  and  given  a setting  and 
background  consistent  with  its  style  and  feel- 
ing. A farmstead  cramped  for  yard  space, 
and  pushed  up  so  close  to  the  highway  that 
it  seems  to  be  straining  the  division  barrier, 
is  fatally  lacking  in  beauty,  comfort,  and 
sanitation.  Nearness  to  the  street  or  road 
may  be  advisable  or  necessary  in  towns;  but 
it  is  out  of  place  in  the  country,  and  out  of 
keeping  with  the  character  and  spirit  of 
country  life.  The  essential  quality  of  the 
country  is  openness  and  spacious  repose. 

A most  attractive  arrangement  is  to  have 
a private  road  from  the  highway  leading  to 

Location  of  the  House  with 

The  house  should  be  near  enough  to  the 
highway  to  be  plainly  visible  from  it,  and 
there  snould  be  open  spaces  in  the  woods 
allowing  a clear  view  of  the  house  from  the 
road  and  of  the  road  from  the  house. 

Locating  the  house  with  reference  to  the 
source  of  the  water  supply  is  not  so  important 
now  as  formerly,  except  in  the  arid  or  semiarid 
regions.  Deep  wells,  windmills,  gasoline  en- 
gines and  modern  mechanical  systems  for 
storing  and  distribution,  make  it  possible  to 
supply  adequate  water  for  almost  any  site. 
Bored  wells  are  sometimes  a too  expensive 
source  of  water  supply,  especially  in  sections 
where  it  is  necessary  to  go  very  deep;  but, 
failing  other  sources,  it  is  possible,  with  pro- 
per care  and  attention,  to  have  anywhere 
m the  area  of  rainfall  clean,  pure  cistern 
water. 

A rise  of  ground  slightly  higher  than  the 
house  site  wul  supply  a spot  for  the  storage 
of  water  and  permit  the  use  of  the  economical 


Fig.  469.  The  New  England  colonial  type  of  country 
house;  severe,  simple,  well-proportioned  and  roomy 


the  house  through  a wooded  pasture.  Such 
a pasture,  with  the  road  winding  its  way 
among  the  trees  and  up  the  slope  to  the 
house  beyond,  enables  the  place  to  present 
to  the  world  a stately  and  prosperous  front, 
and  assures  a pleasing  first  impression  upon 
visitors  and  passers-by.  This  approach  to 
the  house  should  be  so  provided  that  there 
will  be  no  gates  to  be  opened  and  closed  until 
the  one  main  entrance  to  the  house  is  passed 
and  the  barnyard  enclosure  reached.  “The 
one  main  entrance  to  the  house"  is  here 
emphasized,  because  there  should  be  but  one 
public  entrance,  and  the  approach  to  it 
should  be  the  driveway.  There  should  not 
be  a front  entrance  and  a side  entrance, 
because  in  the  farmhouse  the  front  entrance 
will  not  be  used.  Nothing  superfluous  be- 
longs with  the  farmhouse,  not  even  a front 
door.  The  house  should  be  so  planned  as 
to  throw  the  main  entrance  in  the  logical 
relation  to  the  service  rooms  demanded  by 
the  conditions  of  farm  life. 


Relation  to  the  Outbuildings 

gravity  system  of  distribution.  This  rise 
will  serve,  also,  as  a windbreak,  if  in  the  right 
direction  from  the  house.  If,  however,  this 
elevation  is  so  great  as  to  shut  in  the  house 
site,  and  cut  off  a good  view,  it  will  be  more 
of  a drawback  than  a benefit. 

The  building  site  should  not  be  too  near  a 
boundary  line  of  the  farm;  else,  conditions 
beyond  control  are  brought  almost  to  the 
doorstep,  and  com  fields  or  stockpens  may 
appear  in  unpleasant  proximity.  Even  an 
intervening  road  does  not  always  remove 
this  restriction. 

Position  of  farmstead  with  relation  to  the 
fields.  On  a small  farm,  the  position  of 
the  farmstead  with  relation  to  tne  fields  is 
not  especially  important,  but  on  a large  farm, 
this  item  moves  far  up  in  the  scale.  The 
many  trips  to  the  fields  m the  production  and 
harvesting  of  the  crops,  and  the  inconvenient 
handling  of  stock,  on  a poorly  planned  farm 
often  aggregate  in  the  course  of  a year  miles 
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Pig.  470.  The  Dutch  colonial  type  is  common  in 
Pennsylvania  and  a few  other  localities,  but  it  is  hardly 
a typical  farm  style. 


of  unnecessary  steps  and  days  of  wasted  time. 
From  the  sole  consideration  of  the  desira- 
bility of  being  within  the  easiest  reach  of  all 
the  fields,  the  farmhouse  should  be  located 
near  the  centre  of  the  farm.  This  is  not 
advisable,  however,  unless  the  public  high- 
way pass  through  the  farm;  for  such  a loca- 
tion would  probably  result  in  a demoralizing 
isolation,  instead  of  in  the  comfortable  pri- 
vacy which  should  characterize  the  country 
home.  The  farmhouse  being  off  the  line  of 
general  travel,  visitors  would  be  few,  and 
strangers  rarely  seen. 

If  the  relation  of  the  farm  to  the  public 
road  be  such  that  the  farmstead  may  be 

E laced  near  the  middle  of  one  side,  this  will 
e a most  satisfactory  arrangement,  especially 
if  the  farm  be  oblong  and  a longer  side  takes 
the  home  site.  It  is  better  to  have  the  house 
in  a comer  of  the  farm,  even  though  this  be 
a long  way  from  the  farthest  field,  than  to 
have  it  too  far  from  the  public  road.  This 
road  is  the  channel  of  communication  with 
society  and  the  outside  world,  and  this  way 
lie  church,  school,  neighbors,  and  market. 
Many  more  interests  call  from  this  direction 
than  toward  the  fields,  and  the  aggregate  of 
trips  out  this  way  far  exceeds  those  in  any 
other  direction. 

Orchard  and  garden.  The  orchard  and 
garden  should  be  within  easy  reach  of  the 
house,  and  their  location  should  be  part  of 
the  original  planning  of  the  farmstead.  The 
presence  of  suitable  soil  and  exposure  for 
these  should  be  taken  into  account  in  the 
choice  of  the  site.  Further,  an  orchard 
behind  or  at  the  side  of  the  house  supplies 
an  artistic  landscape  feature  so  effective  and 
pleasing  that  it  will  cover  a multitude  of  small 
blemishes;  also,  it  provides  the  ideal  poultry 
range. 

The  house  should  be  so  situated  with  rela- 
tion to  the  barns  as  to  be  out  of  reach  of 
odors.  As  a fire  precaution  and  for  protec- 
tion from  odors  and  flies,  it  should  be  on  the 
windward  side  of  the  bam,  and  at  least  250 
feet  away  from  it.  To  have  the  house  and 
bam  near  each  other  saves  time  and  steps 
for  the  farmer,  and  adds  to  convenience  in  the 
care  of  stock;  and  this  is  advisable  so  far  as 


the  demands  of  sanitation  and  safety  from 
fire  permit. 

The  prevailing  summer  breezes  are  from 
the  south  and  southwest;  and  it  seems  the 
wiser  to  relate  the  buildings  with  regard  to 
summer  conditions  rather  than  to  those  of 
winter,  because  the  house  is  open  more  to  the 
breezes  and,  hence,  is  affected  more  by  out- 
side conditions  at  this  time.  From  this  con- 
sideration, the  bam  should  be  placed  north  or 
northeast  of  the  house.  It  is  true  that  the 
yards  are  drier  and  cleaner  in  the  summer, 
and  there  are  fewer  troublesome  odors  than 
in  the  winter,  so  that  a position  south  of  the 
house  is  not  so  objectionable,  if  other  con- 
siderations make  it  desirable.  The  distance 
from  the  house,  more  than  the  direction,  will 
control  the  odor  and  fly  menaces. 

Barnyards  and  outbuildings.  A more  im- 
portant point  for  consideration  here  is  that 
the  outlook  from  the  house  shall  not  be  over 
the  barnyards.  As  most  houses  are  planned 
with  the  living  rooms  on  the  south  and  east, 
the  location  of  the  bams  north  or  west  of  the 
house  would  be  best  for  this  particular  ob- 

1'ect.  However,  modifying  conditions  may  be 
wrought  in,  whatever  the  relation  of  house 
and  bam.  The  barnyards  may  be  put  north 
of  the  bams,  if  it  is  desired  to  put  the  bam 
north  of  the  house;  and  the  north  fences  of 
the  yards  may  be  so  constructed  as  to  serve 
as  shields  from  cold  winds,  though  this  is  not 
the  most  desirable  arrangement  for  the 
comfort  of  the  stock.  Proper  planting  of 
judiciously  selected  shrubbery  will  effectively 
screen  the  bam  from  the  house  and  still  not 
interfere  with  the  enjoyment  of  the  distant 
view  in  that  direction.  A combination  of  a 
water  tower  and  garage  may  also  accomplish 
this  end. 

The  dwelling  should  dominate  the  group 
of  farm  buildings.  It  should  stand  in  the 
foreground,  with  the  outbuildings  grouped 
back  of  it  in  such  a way  as  to  give  it  support 
and  prominence,  at  the  same  time  conveying 
the  impression  of  the  proper  relation  of  each 
building  to  the  others  and  emphasizing  the 
general  unity.  The  outbuildings  should  be 
grouped,  not  scattered  about  promiscuously 
giving  in  the  latter  case  the  impression  of  a 
little  town  without  order  or  system  in  its 
layout.  The  offense,  to  the  sensitive  eye, 
given  by  numerous  buildings  dotted  in  dis- 
order around  a house,  is  similar  to  that  pro- 
duced by  shrubs  and  flower  beds  peppered 
over  a lawn.  No  building  except  the  house 
should  stand  out  with  distinct  emphasis  from 
the  group  effect.  The  same  materials  should 
be  used,  and  the  same  general  architectural 
design  and  system  of  roof  lines  should  be 
followed  in  all  the  buildings,  to  secure  the 
best  artistic  results. 

The  outbuildings  should  be  grouped  away 
from  the  windward  side  of  the  house,  to 
reduce  the  fire  hazard,  if  this  can  be  accom- 
plished without  sacrificing  too  many  other 
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important  requirements.  All  of  these  build- 
ings, except  the  bams  and  poultry  houses, 
should  be  near  the  dwelling;  in  fact,  they 
should  be  incorporated  in  its  general  plan, 
and  should  connect  with  it  by  sheltered  and 
paved  or  floored  passages.  The  housewife 
should  be  able  to  reach  all  of  her  supplies  and 
carry  on  all  of  her  domestic  activities  without 
the  need  of  exposure  to  the  weather  in  either 
summer  or  winter.  To  make  this  possible, 
the  laundry,  the  smokehouse,  the  fuel  storage 
room,  the  general  storeroom,  and  the  well 
should  be  connected  with  the  house. 

This  arrangement,  of  course,  increases  the 
fire  hazard  somewhat,  though  not  greatly, 
as  the  bam  is  not  in  the  group,  and  the  pas- 
sages leading  to  the  outbuildings  may  be  of 
flimsy  construction,  quickly  removable  in 
case  of  fire. 

Have  trees  about  the  house.  No  coun- 
try building  site  should  be  devoid  of  trees.  If 
possible,  a site  for  the  farmhouse  should  be 
chosen  having  some  large  native  trees;  but,  if 
this  cannot  be  done,  a few  of  a quick-growing 
variety  should  be  planted  and  carefully 
guarded.  Comfortable,  shady  spots  in  the 
yard  will  invite  to  the  outdoor  performance 
of  many  tasks  usually  done  inside,  and  every 
means  of  encouraging  outdoor  living  should 
be  utilized. 

A tree  so  placed  as  to  shield  the  dining 
porch  from  the  direct  rays  of  the  morning 
sun  will  add  to  the  comfort  of  the  breakfast 
hour.  Also  a tree  to  the  west  of  the  house,  to 
protect  a porch  or  door  from  the  glaring  after- 


Fig.  471.  Either  dressed  or  field  stone'set  in  mortar 
combines  well  with  wood  trim  and  gives  a warm,  at- 
tractive, durable  structure. 


noon  sun,  is  an  invaluable  adjunct.  The 
general  location  of  trees  should  be  away  from 
the  house,  and  there  should  be  abundant 
openings  between  them,  to  allow  full  benefit 
of  the  distant  views.  A spreading,  stately 
tree  in  intimate  sheltering  relation  to  the 
house  provides  an  adequate  and  pleasing 
decorative  feature,  enhancing  the  architec- 
ture, and  adding  to  the  home  character  of  the 
group.  Heavily  wooded  areas  serve  well  as 
landscape  features  and  as  wind  and  storm 
screens;  but  they  should  be  in  distant  rela- 
tion to  the  house,  else  they  will  shut  it  in  too 
much.  They  also  harbor  animals  which 
prey  upon  the  poultry  and  young  stock  of  the 
farm  and  are  obnoxious  in  many  ways. 
Trees  about  the  house  should  not  be  allowed 
to  cut  off  a fine  view  nor  make  a break  in  a 
charming  vista.  They  should  serve  merely 
as  frames  for  the  pictures  of  the  landscape. 


Design  of  the  House  and  Site  Intimately  Related 

There- is  such  an  intimate  relation  between  the  design  of  the  farmhouse  and 
the  site  upon  which  it  is  to  be  placed  that  each  should  be  selected  with  the  other 
in  mind.  If  one’s  choice  is  fixed  upon  a particular  type  of  house,  he  must  look 
about  for  a suitable  site;  if  the  site  is  already  selected,  then  it  is  the  task  of  the 
designer  to  evolve  a building  in  harmony  with  the  location. 

The  latter  is  much  the  more  usual  process  and  the  wiser  one,  for  the  design 
of  the  building  is  not  nearly  so  important  as  a successful  house.  To  be  success- 
ful, it  must  be  comfortable,  convenient,  and  satisfying  to  the  eye;  it  must  meet 
the  demands  of  the  particular  purpose  of  its  construction;  and  it  must  fill  its  part 
of  the  requirement  for  a beautiful  whole. 

No  ugly  house  is  a success.  Beauty  is  not  expensive;  it  does  not  add  to  the 
cost  of  houses.  It  is  a by-product  of  simplicity  and  efficiency  in  design  and  con- 
struction. It  is  often  given  away  and  ugliness  bought.  Beauty  does  not  mean 
omateness  or  pretension,  nor  is  it  a matter  of  elaboration.  On  the  contrary,  it 
is  obtained  for  the  farmhouse  by  simplicity  of  line  and  composition,  structural 
honesty,  harmony  with  its  surroundings,  and  adaptability  to  its  specific  uses. 
“The  line  of  beauty  is  the  line  of  perfect  efficiency.” 

The  farmhouse  is  an  all-year  home,  and  it  must  be  designed  with  definite 
regard  to  climatic  conditions.  Large  porches,  open  passageways,  and  many  pro- 
visions for  outdoor  living  should  go  with  houses  for  warm,  mild  climates.  More 
compact  designs,  emphasizing  arrangements  for  conserving  warmth,  such  as  put- 
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ting  chimneys  and  fireplaces  on  interior 
walls,  vestibuled  entrances,  and  fewer 
porches,  are  suitable  for  cold,  windy 
locations. 

The  design  of  the  farmhouse  must 
be  made  with  a view  to  economical  and 
simple  construction.  The  cost  must  be 
kept  low;  and  this  may  be  best  ac- 
complished by  eliminating  useless  dec- 
oration and  such  features  as  towers  and 
swell  ends,  and  jig-saw  work  for  the 
cornices,  porches,  and  railings.  Often 
the  building  is  done  by  the  country 
carpenter,  assisted  by  the  farmer  and  unskilled  farm  labor.  Fancy  features,  in- 
volving complicated  carpentering,  must  be  omitted  for  this  reason  as  well  as  for 
economy  and  good  looks.  The  house  should  be  so  designed  as  to  have  no  angles 
and  comers  and  cubbyholes  wasting  space  and  material  and  labor.  Restricting 
the  plan  mostly  to  square  spaces  and  rectangular  effects  will  make  this  much 
easier.  , 

Features  which  the  design  should  include.  The  design  of  the  farmhouse 
should  include  features  especially  favorable  to  outdoor  living.  It  should  be  char- 
acterized by  generously  proportioned  porches,  suitable  for  use  as  a dining  room 
or  a living  room,  or  the  two  combined.  Sleeping  porches  also,  will  add  much  to 
the  health  and  comfort  of  the  family.  The  two-story  porch  of  southern  houses  is  a 
most  pleasing  feature  for  mild  climates,  as  it  provides  delightful  outdoor  sitting 
rooms  and  bedrooms.  Also,  an  open  passageway  leading  to  the  “summer 
kitchen,”  when  screened  against  flies,  makes  a pleasant  summer  dining  room  or 
living  porch. 

The  farmhouse  design  should  keep  to  simple  roof  areas,  as  the  more  valleys 
and  hips  there  are,  the  more  leaks  there  are  liable  to  be.  The  steeper  the  roof 
slope,  the  better  the  drainage  and,  consequently,  the  more  lasting  the  roof.  Roof 
areas  exposed  to  the  north  last  longer  than  those  to  the  south,  hence  for  durability 
irregular  roofs  should  have  their  long  slopes  and  greater  areas  to  the  north. 

A house  should  be  typical  of  the  life  of  the  people  who  live  in  it;  hence,  the 
farmhouse  should  be  unpretentious,  and  devoid  of  “fussy”  features.  The  farm- 
house is  not  the  house  of  the  country  place,  nor  the  suburban  home  of  the  city 
worker,  nor  the  summer  cottage  for  vacation  time  only;  and  it  cannot  be  properly 
designed  or  planned  in  keeping  with  the  requirements  of  any  of  these,  though  all 
are  houses  in  the  country. 

In  size  and  general  outline,  the  farmhouse  should  be  impressive  enough  to  har- 
monize with  the  importance  of  the  estate.  It  should  be  large  enough  to  provide 
everyday  comforts  for  all  the  members  of  the  family,  and  should  include  reserve 
accommodations  for  times  of  extra  demand.  It  should  include  a spare  room, 
because  the  traditional  hospitality  of  the  farm  home  should  not  be  lost,  and  the 
comfort  of  the  family  should  not  need  to  be  disturbed  every  time  there  is  an 
overnight  visitor.  The  house  should  not  be  made  large  simply  to  look  imposing, 
and  it  should  not  include  rooms  and  features  not  demanded  in  an  ordinary  year’s 
exigencies.  Too  large  a house  puts  the  investment  out  of  proportion  to  the  farm 
value,  and  ties  up  capital  in  useless  buildings;  but,  on  the  other  hand,  there  should 
be  no  suggestion  of  niggardliness  about  the  farm  home.  Generous  provisions  for 
comfort,  but  nothing  superfluous  or  wasteful,  should  mark  the  farmhouse  plan. 

Proportional  cost  of  farmhouse.  The  proper  proportion  between  the  amount 
to  be  put  into  the  farmhouse  and  the  total  farm  investment,  or  the  relation  of  the 


Fig.  472.  A farmhouse  designed  for  southern  con- 
ditions. The  abundant  windows,  overhanging  eaves 
and  interior  ventilating  system  afford  valued  protection 
against  severe  summer  heat. 
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cost  of  the  house  to  the  farm  income,  is  a very  difficult  problem.  It  involves  the 
personal  feelings  and  tastes  of  each  farmer  regarding  the  quality  and  appearance 
of  his  home  establishment.  Moreover,  the  actual  monetary  return  from  the  in- 
vestment in  a good  house  and  domestic  conveniences,  while  a very  real  thing,  will 
not  be  as  high  as  the  return  from  capital  put  into  other  equipment.  This  is  be- 
cause the  benefits  and  influences  of  a home  cannot  be  measured  in  dollars  and 
cents.  Where  surveys  have  been  made,  it  has  been  found,  in  a majority  of  cases, 
that  the  house  represents  the  net  farm  income  for  1 year. 

Whatever  the  design  chosen,  the  farmhouse  should  be  simple  and  dignified. 
It  should  be  set  in  neat,  well-kept  surroundings  and  guarded  from  neglect  and 
misuse. 

The  design  should  not  be  too  severe  and  inflexible;  else,  it  will  be  out  of  keep- 
ing with  the  character  of  the  country.  The  farmhouse  should  have  stateliness 
without  austerity,  dignity  without  rigidity.  It  may  well  be  of  the  rambling  style, 
to  secure  light  and  air  for  all  the  rooms,  as  space  is  plentiful  and  the  outlook  open 
in  all  directions.  Indeed,  the  unrivaled  advantage  in  locating  and  designing  the 
farmhouse  is  ampleness  of  space  and  unblocked  outlook. 


General  Principles  Governing  the  Selection  of  the  Style  of  House 


Some  broad  principles  may  be  laid  down  governing  the  style  of  houses  suitable 
for  certain  sites;  but  this  is  a bit  dangerous,  because  some  striking  peculiarity  of  a 
site  may  so  dominate  it  as  to  reverse  the  usual  laws,  and  any  attempt  to  apply 
general  rules  without  a thorough  comprehension  of  modifying  conditions  may 
Bring  quite  the  opposite  result  from  that  intended. 

Fannhouses  should  be  two-storied.  In  general,  however,  farmhouses  should 
be  2-storied,  or  should  have  tall,  steep  gables,  or  long,  sloping  roofs  or,  in  some 
way,  present  long,  vertical  lines.  Such  lines  blend  with  the  effects  of  trees  and 
hills.  A low,  flat  house  in  a rolling,  hilly  country  appears  dwarfed  and  squatty 
by  contrast  with  the  dimensions  of  the  hills  and  the  massive,  towering  effect  of 
tall  trees.  Clearly,  a simple,  flat  bungalow  is  not  suited  to  crown  a stately  hill- 


top. 

On  the  plains,  the  same  law  of  emphasizing  the  natural  lines  of  the  landscape 
holds;  so  that  here  architectural  features  should  be  handled  so  as  to  produce  hori- 
zontal lines.  That  is,  roof  areas  should  be  long  horizontally  and  not  be  broken 
by  dormers;  windows  may  be  grouped;  and  even  the  manner  of  using  the  wall  ma- 
terial, whether  wood  or  masonry,  may  contribute  to  the  horizontal  effect.  A 
house  may  very  well  be  2-storied  without  conflicting  with  this 
requirement,  and  the  rambling  house  may  very  easily  be 
handled  so  as  not  to  violate  the  need  for  vertical  effects  in  the 
broken  country. 

It  must  not  be  assumed,  of  course,  that  in  the  effort  to 
bring  out  a general  artistic  effect,  all  of  the  outstanding  lines 

of  a group  should  be  vertical 
or  horizontal;  for,  quite  to 
the  contrary,  there  should 
always  be  a minor  note  of 
vertical  lines  to  balance  a 
mass  of  horizontal  ones,  or 
just  the  reverse.  The  flowing, 
sweeping  lines  of  plain  and 

prairie  need  the  balance  pro- 
ne. 473.  The  Spanish  Mission  type  of  architecture  is  well  suited  to,  y..,  il.  T^mendiMilara 

and  has  been  largely  adapted  for,  farm  conditions  in  the  arid  sections  UULcU  vjy  LIlc  [RapcllUlLUkUo 
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of  trees,  towers,  or  windmills.  The  base 
lines  of  hills,  in  general  parallel  with' 
the  sky  and  horizon  lines,  give  the 
needed  balance  to  the  up-and-down 
effect. 

The  horizon  line  of  the  landscape 
should  serve  as  a guide  to  the  sky  line 
of  the  house,  so  that  the  general  roof 
lines  and  contours  simulate  those  of 
the  surroundings.  It  is  best,  however, 
to  attempt  only  the  simple  and  obvious 
in  roof  lines  unless  the  services  of  a 
competent  architect  are  employed. 
The  roof  presents  the  most  delicate 
problem  for  the  artistic  power  of  the  architect,  and  its  successful  handling  requires 
the  exercise  of  his  rarest  skill  and  ingenuity.  It  is  literally  and  figuratively 
the  crowning  achievement  of  the  complete  artistic  whole. 


Fig.  474.  The  so-called  half-timber  construction  on 
a basis  of  stone  or  cement  is  of  English  origin  but  is  being 
widely  used  in  this  country. 


Architectural  Styles 


The  Colonial.  There  have  been  developed 
in  the  different  sections  of  the  country  charac- 
teristic designs  of  dwellings,  each  having  qual- 
ities of  especial  appropriateness  to  its  native 
section.  Each  in  some  subtle  way  is  an  ex- 
pression of  the  civilization  and  home  spirit  of 
its  community. 

The  austere,  [inflexible  New  England  Colo- 
nial style  is  a very  difficult  one  to  adapt  to 
the  needs  of  varying  farm  conditions  through- 
out the  country.  The  more  graceful  and 
gracious  Southern  Colonial,  with  its  curving 
porticoes  and  stately  columns,  while  a shade 
more  adaptable  than  the  New  England 
Colonial,  is  impractical  because  of  size  and 
arrangement  for  any  but  a very  few  farm 
homes.  The  Spanish  Mission  style  of 
southern  California  is  distinctly  local,  though 
very  charming  where  the  climate  and  land- 
scape make  it  suitable. 

The  Dutch  Colonial  style  is  a very  success- 
ful modification  of  the  New  England  Colonial. 
It  is  a cottage  type  of  architecture  for  a 2- 
story  house.  The  cottage  effect  is  obtained 
by  extending  the  roof  down  to  the  usual  height 
for  a 1-story  building.  The  height  necessary 
for  the  second-story  rooms  is  obtained  by 
using  the  gambrel,  or  double-pitch,  roof,  or 
by  employing  long  dormers  breaking  through 
a single  pitch  from  ridge  to  plate.  The 
detached  dormers  only  should  be  used  with 
the  gambrel  roof. 

This  is  a very  beautiful  domestic  style,  and, 
as  it  is  more  flexible  in  plan  and  design  than 
the  other  types  of  Colonial,  it  is  adaptable 
to  a wider  range  of  local  conditions.  The 
balancing  of  vertical  and  horizontal  lines 
harmonizes  this  type  with  many  varying 
landscapes. 

Both  the  gambrel  and  the  single-pitch 
types  of  Dutch  Colonial  are  most  excellent 


ones  for  farm  use.  Their  roof  systems  are 
easily  adaptable  to  all  outbuildings;  and  both 
types  have  a brooding,  homey  air,  coupled 
with  the  impression  of  complacent  self- 
sufficiency,  typifying  some  of  the  finest 
qualities  of  country  life. 

The  half-timber  style.)  The  half-timber 
house  is  among  the  best  styles  of  architecture 
for  farm  use.  Perhaps  no  style  better  meets 
the  demands  for  flexibility  in  farmhouses  than 
this  one.  Half-timber  work  to-day  only 
simulates  the  original  method  of  construction 
given  this  name.  In  England,  where  the 
style  originated  many  generations  ago,  the 
walls  were  constructed  with  timbers— some 
upright  for  supports,  and  some  inclined  for 
braces — and  the  spaces  between  these  were 
filled  with  masonry.  As  now  built,  half- 
timber work  consists,  in  part,  of  stucco  walls 
paneled  with  boards.  In  a sense,  this  is  a 
sham;  but  the  varying  line  effects,  which  may 
be  produced  by  skilful  handling  of  the  tim- 
bering, blend  with  so  many  varying  land- 
scape conditions  that  the  style  has  a value 
by  which  it  persists  in  spite  of  this  drawback. 
When  only  vertical  paneling  is  introduced, 
the  type  should  not  be  used  on  treeless  plains. 

This  style  is  wholly  free  from  the  restric- 
tions as  to  symmetry  and  spacing  which 
control  the  construction  of  the  Colonial 
types.  In  these,  the  floor  plans  are  made  to 
conform  to  the  windows  and  the  gables  and 
the  entrance.  The  front  door  is  exactly 
centred;  all  of  the  windows  are  of  exactly 
the  same  size,  and  are  exactly  spaced  with 
relation  to  the  door  and  one  another.  In  the 
half-timber  house,  the  floor  plan  can  be 
developed  with  sole  regard  to  convenience 
and  comfort;  the  chimneys  can  be  placed 
where  most  needed;  the  windows  can  be 
high  or  low,  large  or  small,  grouped  or  scat- 
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Fig.  475.  The  bungalow  is  not  the  cheapest  type  of  house  to 
build;  but  it  is  easily  cared  for.  and  fits  in  admirably  with  the  needs 

and  conditions  chi  many  farms. 


tered.  Its  well-braced  stucco  walls 
offer  more  than  ordinary  resistance 
to  heat  and  cold,  winds,  and  fire, 
and  make  it  suitable  for  a wide  range 
of  climatic  conditions.  It  is  compar- 
atively inexpensive,  as  the  first  cost 
is  reasonable;  and  the  upkeep  cost  is 
small,  since  weather  conditions  have 
but  little  effect  upon  its  surface. 

The  bungalow.  The  bungalow  is  a 
widely  used  architectural  style  for 
farmhouses.  It  is  a southern  type 
especially  suited,  in  this  country,  to 
the  Southwest,  where  it  has  been  developed 
and  is  very  popular.  It  has  long  since 
broken  over  the  boundary  of  the  Pacific  West 
and  Southwest  and  is  now  the  most  popular 
of  small  houses  in  practically  all  of  the  states, 
regardless  of  climate  or  topography. 

This  wide  popularity  and  ready  acceptance 
are  unmistakably  due  to  innate  merits.  Chief 
among  these  is  flexibility  in  plan,  construc- 
tion, and  design,  and  its  consequent  adapt- 
ability to  a wide  range  of  conditions.  It  is 
essentially  a country  type  of  house.  It  is 
out  of  place  in  cramped,  shut-in  quarters. 
It  belongs  where  it  can  open^to  the  view  and 
the  breezes  on  all  sides.  It  can  be  built  of 
wood,  brick,  stone,  or  stucco  or  combinations 
of  these;  it  can  be  constructed  so  as  to  provide 
the  most  rigid  protection  against  severe  winter 
conditions,  or  be  made  in  keeping  with  the 
needs  of  milder  climates;  it  can  be  of  one 
story  or  2-storied.  It  can  undergo  almost 


endless  modifications  without  giving  up  its 
distinctive  character  or  losing  some  of  its 
most  desirable  features,  such  as  the  low  slop- 
ing roof,  the  extended  cornice,  and  the  wide 
veranda.  It  offers  better  opportunity  for 
individuality  than  the  more  pronounced 
styles  of  architecture.  Its  broad  adaptability 
to  many  kinds  of  building  sites  eases  the 
problem  of  the  general  artistic  result.  It 
can  be  made  an  inexpensive  style,  too, 
especially  if  designed  with  an  upper  story, 
which  will  lessen  the  cost  of  foundation  and 
roof.  The  compactness  of  the  floor  plans, 
the  omission  of  many  partition  walls,  the 
plainness  of  finish,  and  the  absence  of  ornamen- 
tation reduce  to  the  minimum  the  cost  for 
the  interior.  Its  built-in  fittings  secure  many 
conveniences  within  a small  space;  and  these 
fittings  cost  less  than  a corresponding  amount 
of  furniture.  The  completed  bungalow  is 
almost  furnished. 
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Fig.  476.  Plan  of  a small 
farmhouse  of  the  one-stoty, 
bungalow  type.  There  are 
practically  two  front  doors; 
one  into  the  living  room,  the 
other  into  the  hall,  kitchen  and  wash  room.  Note  the  dairy  and 
cold-storage  house  reached  via  the  covered  porch. 


CHAPTER  30 

The  Farmhouse:  Its  Construction  and 
Arrangement 

By  Ruby  Westlake  Freudenbergbr  (see  Chapter  29).  The  construction  and  design  of  any 
house — and  especially  a farmhouse — are  inseparably  tied  up  with  its  location  and  arrangement  arid 
the  materials  of  which  it  is  made.  Each  of  these  details  has  a very  important  bearing  upon  the  effi- 
ciency, as  well  as  the  comfort  and  happiness,  of  those  who  live  in  it.  Fortunately,  therefore,  it  was 
possible  to  have  both  aspects  of  this  subject  treated . by  one  authority — an  authority,  moreover,  who 
not  only  knows  its  principles,  as  a result  of  study  and  observation,  but  who  also  is  familiar  with 
their  application,  as  a result  of  practical  farm  life  and  the  varied  experiences  such  life  affords. 
—Editor. 

THE  chief  aim  in  the  construction  of  the  farmhouse  should  be  the  production 
of  a substantial,  solid,  weatherproof  building.  In  every  part,  emphasis 
should  be  laid  upon  utilitarian  features;  and  the  money  invested  should  go  for 
the  genuine  essentials  of  stable  construction,  and  not  for  showy,  shoddy  elements 
or  attempted  ornamentation.  The  farmhouse  stands  more  alone  in  its  buffetings 
by  the  elements  than  does  the  town  house.  Usually  it  has  no  near  buildings  or 
adjoining  walls  to  shield  it  and  help  bear  the  strain  of  its  weight.  It  is  open  on 
all  sides  to  the  straining,  twisting  force  of  the  wind.  It  must  provide  its  own  re- 
sistance to  cold  and  heat,  dust  and  rain,  sun  and  hail.  Also,  the  danger  from  fire 
is  greater  in  the  country,  because  of  the  lack  of  fire-fighting  facilities.  Construc- 
tion features  designed  to  withstand  these  peculiar  exposures  should  be  introduced. 

Construction  Items  Requiring  Special  Emphasis 

Because  economy  is  so  important  in  building  the  farmhouse,  only  material  and 
workmanship  of  good  grade  should  be  employed.  The  farmer  can  ill  afford  to 
pay  the  labor  cost  for  flimsy  construction  and  the  putting  in  of  poor  material, 
soon  to  be  repaired  or  replaced.  A high  first  cost  is  cheaper  in  the  end  than  repe- 
titions of  smaller  outlays. 

Emphasis  should  be  laid  upon  such  features  as  deep,  solid  foundations,  double 
floors  properly  laid,  fire  stops,  well-built  chimneys,  deep  cornices,  good  plumbing, 
and  ample  guttering.  All  of  these  have  a direct  beating  upon  the  comfort  ana 
health  of  the  family  as  well  as  upon  the  durability  of  the  house. 
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Fig.  477.  The  money  saved  by  using  piers  insie  ;d 
of  a foundation  will  be  spent  in  keeping  the  house  warm. 
The  best  plan  of  all  is  to  include  a real  cellar. 


Foundation  walls  and  not  piers  , ? 

should  be  used.  The  house  perched  //  ' 

upon  piers  is  unsightly  and  unstable- 
looking  as  well  as  uncomfortable.  The  Ell 

extra  fuel  and  labor  needed  to  warm  /arjJjP" 

and  keep  clean  such  a house  would 

soon  overbalance  the  saving  by  the  d^.1  rfll  '’TpfT.- 

omitted  underpinning.  Cold  floors  ^rjK  :JH'— PHffll  [|^SBP^|fUPI  t 
and  cold  feet  are  inevitable  with  such  ■[  m « ImSm  iWU  ' ' : 

construction;  for  the  cold  winds  sweep  ■ 

unchecked  imder  the  house,  and,  in  w*  • J 

cheaply  built  houses,  a thin  board  Fig.  477.  The  money  saved  by  using  piers  insie  ;d 
d-  ‘ ^ *4.r_  • xv  _ of  a foundation  will  be  spent  in  keeping  the  house  warm, 

floor,  Olten  WltJl  CFclCKS  in  It,  IS  t/110  The  best  plan  of  all  is  to  include  a real  cellar. 

only  structural  protection  provided. 

Necessary  measures  should  also  be  taken  to  guard  the  foundation  and  basement 
wall  from  ground  water  and  dampness. 

Double  floors  afford  protection  against  cold  and  heat,  dust  and  wind.  The 
subfloor  should  not  be  broken  by  partition  walls,  and  it  should  be  laid  diagonally, 
so  as  to  break  joints  with  the  top  floor.  The  joists  under  the  floor  should  be  nailed 
together,  where  they  lap,  so  as  to  make  continuous  ties  across  the  building. 
A floor  so  constructed  serves  as  an  efficient  wind  brace  for  the  building  as  well  as  a 
fire  stop  between  the  stories. 

Fire  precautions.  It  is  especially  important  that  some  method  be  used  to 
fire-stop  every  enclosed  space  in  the  framework  of  the  farmhouse.  Help  for  fire 
fighting  is  usually  a long  wav  off  in  the  country,  and  every  means  of  checking  a 
fire  in  its  early  stages  should  be  provided.  Confining  it  within  the  space  of  its 

y.  origin  for  even  a few  minutes,  until  help  arrives, 

, jMBwiiawy  I may  mean  the  saving  of  the  building.  Fireproof 

guards  should  be  placed  about  stoves,  ranges,  fur- 
naces,  and  other  containers  of  fire.  Chimneys 
should  be  built  from  the  ground  up,  not  put 
on  wooden  shelves.  They  should  be  straight,  not 
pulled  over  to  extend  through  the  peak  of  the 
roof.  It  is  desirable,  for  the  sake  of  the  better 
_ • J draft,  to  have  the  chimneys  built  to  the  highest 

graph)  &mandPchfi£  point  of  the  roof;  but  this  should  not  be  secured  at 

noth“'*  ,ess  the  risk  involved  in  the  inclined  chimney. 

A low;  wide  cornice  shades  the  windows  and 
walls  of  the  upper  story,  protects  the  side  walls  from  rain  and  the  wear  of  the 
elements,  and  carries  the  roof  water  away  from  the  ground  near  the  house. 
Ample  guttering,  properly  put  on  and  screened,  in  connection  with  the  wide 
cornice  takes  care  of  the  drainage  from  the  roof  and  provides  a supply  of  clean, 
fresh  water  for  household  use. 

Good  plumbing  a necessity.  Too  much  emphasis  cannot  be  laid  upon  the 
necessity  for  good  plumbing.  The  housewife  who  stands  for  hours  at  a time  in- 
haling the  poisonous  gases  from  an  untrapped  drainpipe  and  sewer  is  more  exposed 
to  disease  than  if  she  had  no  kitchen  sink  and  no  system  of  plumbing.  Safe 
plumbing  for  bathtubs  and  water-closets  cannot  be  done  inexpensively  by  pres- 
ent methods;  and,  in  the  effort  to  keep  down  the  cost,  farmhouse  plumbing  is 
often  intrusted  to  unskilled  workmen,  with  most  disappointing  results.  A thor- 
ough understanding  of  the  requirements  of  a sanitaiy  equipment  and  a rigid 
adherence  to  these  demands,  are  necessary  for  the  installing  of  a safe  plumbing 
system.  Cheap  plumbing  is  an  expensive  economy  and  not  worth  the  risk. 


Fig.  478.  Drawing  (from  a photo- 
graph) of  poor,  unsafe  floor  and  chim- 
ney construction  th-t  is  nothing  less 
than  criminal  carelessness. 
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Exposed  floors,  ceilings,  walls,  and  roof  should  be 
made  so  as  to  prevent  transmission  of  heat  both  from 
within  during  winter  and  from  without  during  summer. 
This  is  not  necessarily  expensive,  and  is  desirable  for 
both  winter  and  summer.  It  is  very  probable  that  the 
saving  in  fuel  would  soon  pay  for  the  cost  of  insulating 
the  walls  of  north,  northeast,  and  northwest  rooms, 
which,  without  such  protection,  would  require  from 
10  to  20  per  cent  more  heat  than  south  rooms. 
Windows  may  be  made  extra  tight  by  double- 
glaring. The  amounts  of  heat  that  are  transmitted 
through  windows  that  are  single  and  those  that 
are  double-glazed  have  been  computed  and  found 
to  be  as  10  is  to  6.  At  least,  the  north  and  west 
windows  of  much-used  rooms  might  be  economically 
double-glazed. 

Good  ventilation  must  be  provided.  Farm- 
houses are  notorious  for  being  poorly  ventilated. 
Paradoxical  as  it  may  seem,  it  is  regrettably  true 
that  fewer  farm  dwellings  have  a constant  supply 
of  fresh  air  in  them  than  any  other  class  of  homes. 
Where  there  are  open  fires,  and  the  walls,  win- 
dows, and  doors  are  especially  favorable  for  air  leakage,  a reasonable  supply  of 
fresh  air  gains  entrance  in  spite  of  utter  disregard  of  provisions  for  ventilation. 
Some  system  for  bringing  in  fresh  air  from  the  outside  and  allowing  the  escape  of 
the  foul  air  from  the  inside  should  be  provided  as  an  adjunct  to  the  heating  sys- 
tem of  the  house.  The  great  number  of  cases  of  tuberculosis  in  farm  families 
attests  the  fact  that  the  outdoor  occupations  of  country  life  do  not  obviate  the 
need  of  good  ventilation  in  the  house. 

Attic  ventilation  will  make  the  house  cooler.  The  circulation  of  air  between 
the  roof  and  the  ceiling  carries  away  some  of  the  heat.  Ventilators  in  the  roof 
and  in  the  soffit  of  the  cornice  should  be  provided  for  this.  Also,  there  should  be 
openings  in  the  foundation  to  secure  free  circulation  of  air  under  the  house,  to 
prevent  damp,  moldy  floors,  and  decay  of  the  floor  joists.  Dampness,  darkness, 
and  stagnant  air  provide  the  most  favorable  conditions  for  dry-rot. 


Fig.  479.  Unsafe  roof  and  chimney 
construction  is  worse  than  interior 
carelessness  simply  because  its  conse- 
quences are  harder  to  fight.  Keep 
rafters  away  from  the  briocs  and 
everything  in  good  repair. 


Choice  of  Material 


The  choice  of  material  for  the  building  of  the  farmhouse  will  be  largely  af- 
fected by  local  conditions.  In  building  it  is  always  best — from  considerations 
of  both  beauty  and  economy — to  use  native  materials. 


Wood.  Wood  is  by  far  the  most  generally 
used  material  for  farmhouses.  It  is  more 
widely  distributed  naturally  than  any  other 
material;  it  is  easier  and  cheaper  to  transport; 
it  is  more  pliable  and  adaptable  to  various 
forms  and  uses;  and,  consequently,  it  is 
more  easily  handled,  and  its  successful  use 
does  not  require  so  much  skill  and  training 
as  other  materials  on  the  part  of  workmen. 
Wood  lends  itself  to  certain  artistic  effects 
which  are  difficult  to  obtain  with  other 
material,  and  the  designing  of  a wooden 
building  suitable  for  a dwelling  is  not  quite 


so  delicate  a task  as  that  of  adapting  masonry 
materials  to  this  end.  All  of  these  things 
combine  to  make  the  wooden  house  the  cheap- 
est, for  the  same  grade  of  workmanship, 
finish,  and  structural  excellence. 

On  the  other  hand,  wooden  houses  are 
less  durable  than  those  of  brick  or  stone  or 
concrete.  Still  the  wooden  house  is  not 
necessarily  short-lived.  Many  may  be  found 
in  this  country  to-day  which  have  been  stand- 
ing for  more  than  a century,  and  some  for 
more  than  double  that  time.  With  proper- 
sized  framing  timbers,  put  together  with  due 
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regard  to  strains  and  stresses,  wooden  houses 
of  great  strength  and  endurance  may  be 
constructed.  Indeed,  a well-constructed  tim- 
ber house  will  be  more  lasting  and  satis- 
factory than  a poorly  constructed  one  of 
masonry. 

Because  wood  is  the  simplest  of  all  build- 
ing materials  to  handle  and  adjust  to  the 
needs  of  construction,  skillful  and  careful 
woodworkers  are  more  plentiful  and  less  ex- 
pensive than  good  masons.  For  cheap  and 
medium-priced  houses,  wood  is  to  be  recom- 
mended. 

The  most  serious  Objection  to  wood  as  a 
building  material  is  danger  of  destruction  by 
fire.  In  spite  of  every  precaution  and  safe- 
guard. this  is  always  a menace.  While  it 
may  be  reduced,  it  cannot  be  removed— at 
least,  not  until  fireproofing  processes  have 
become  further  perfected. 

The  necessity  for  painting,  or  in  some  way 
weatherproofing,  is  another  disadvantage  of 
wooden  buildings.  This  is  an  expensive  item 
and  one  that  needs  attention  every  few  years. 
In  some  climates,  wooden  buildings  so  soon 
become  shabby  and  worn  in  appearance,  and 
require  such  constant  attention  to  keep  them 
looking  well,  that  it  is  hardly  desirable  to  use 
them. 

The  cost  of  a wooden  house  is  subject  to 
greater  variation  than  that  of  one  of  any 
other  material,  because  of  the  possibilities 
for  greater  variation  in  the  quality  of  its 
construction.  It  may  be  either  a dimay, 
inferior  affair  or  a very  valuable,  high-grade 
structure.  There  is  a smaller  range  of  quality 
in  masonry  than  in  wood  construction. 

Where  local  materials  can  be  used  to  a large 
extent,  and  the  rough,  heavy  work,  such  as 
hauling  and  excavating,  can  be  done  with 
farm  labor  at  farm-labor  prices,  the  cost  may 
be  much  reduced.  Framing  lumber  from 
country  sawmills  will  cost  only  about  half 
as  much  as  the  ordinary  town  lumber  markets 
demand.  It  is  possible,  where  the  farmer 
superintends  and  manages  the  entire  job  him- 
self, to  build  a frame  house  at  a cost  of  about 
$300  a room,  or  from  8 to  10  cents  a cubic  foot 
of  inclosed  space.  This  gives  a well-built, 
plain  house  with  medium-sized  rooms,  having 
all  of  the  accessories  needed  for  comfortable 
living,  but  devoid  of  unusual  or  fancy  features. 
It  includes  shingle  roof,  good  cornice,  sash 
weights,  and  window  blinds.  A slate  or  metal 
roof  will  add  one-fourth  of  a cent  per  cubic 
foot  to  the  cost. 

Brick.  Brick  comes  next  to  wood  as  a 
widely  used  material  for  country  houses. 
At  least,  this  was  formerly  the  case;  but 
stucco  is  now  rapidly  moving  up  in  popularity. 
Brick  is  more  costly  than  wood  or  stucco. 
It  makes  a durable,  substantial  building, 
warm  in  winter  and  cool  in  summer.  In 
proper  construction,  it  will  meet  most  satis- 
factorily all  of  the  requirements  for  a superior 
home.  If  well  designed,  it  is  suitable  for 


almost  any  style  of  house,  whether  bungalow, 
Colonial  or  in  combination  with  half-thnber 
or  stucco.  A brick  dwelling  has  an  air  of 
permanence  and  substantiality,  putting  it  in 
especial  harmony  with  country  homestead 
conditions.  It  has  greater  distinction  than 
a wooden  house  designed  and  built  with  the 
same  care  and  skill.  It  is  also  suited  to  a 
wide  range  of  climatic  and  landscape  con- 
ditions. It  is  especially  beautiful  in  sections 
where  there  is  much  foliage  and  many  rolling 
grassy  slopes,  the  constrast  of  brick  with  the 
richness  of  evergreens  in  the  landscape  being 
most  pleasing. 

The  upkeep  cost  of  a brick  house  is  small. 
Such  a house  does  not  require  painting  and  it 
is  not  easily  susceptible  to  the  wear  of  the 
elements.  It  does  not  require  either  weather- 
proofing or  fireproofing.  If  given  a slate  or 
tile  roof,  it  is  practically  fireproof  from  the 
outside. 

In  common  with  all  ordinary  masonry 
dwellings,  the  walls  of  the  brick  house  should 
have  a damp-proof  course,  above  the  ground 
line  and  below  the  floor  joists,  to  intercept 
the  rise  of  ground  water,  which,  without  this 
impervious  layer,  will  rise  to  a height  of 
several  feet  above  the  ground.  There  should 
also  be  one  or  more  air  spaces  in  the  walls,  to 
prevent  the  water  absorbed  by  the  masonry 
from  penetrating  to  the  walls  and  plastering. 
It  is  better  if  this  space  be  near  the  outside  of 
the  wall,  behind  a veneer  of  masonry,  as  this 
will  prevent  the  rain  water  from  penetrating 
the  greater  depth  of  the  wall. 

The  costliness  of  the  brick  house  is  the 
greatest  obstacle  to  the  use  of  brick  as  a 
building  material  for  the  farmhouse.  The 
labor  cost  for  construction  is  greater  than  for 
wood;  and,  if  the  brick  must  De  transported, 
even  a short  distance,  the  freight  charges 
soon  amount  to  more  than  the  cost  of  the 
brick.  If  local  brick  is  available,  however, 
this  objection  is  overcome.  Brick  farm 
dwellings  will  cost  from  2 to  3 cents  more  per 
cubic  foot  than  wooden  ones.  The  brick- 


Fig.  480.  First-floor  plan  of  a set  awarded  first  prise 
in  a practical  farmhouse  contest  conducted  by  the  Iowa 
Agricultural  College.  1,  Built-in  table  cupboards  and 
bins  below;  2,  wheel  table:  3,  iceless  refrigerator;  4, 
wash  basin;  5.  chimney;  6.  clothes  chute,  second  floor  to 
cellar;  7,  toilet,  screened.  For  second  floor  and  cellar 
plans  see  figs.  481  and  48fi 
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Fig.  481.  Second-floort  plan  of  farmhouse  shown  in 
Fig.  480.  A sleeping  porch  could  easily  be  built  outside 
the  bedrooms.  2 is  a linen  closet.  The  chute  (6)  saves 
carrying  soiled  clothes  to  the  cellar. 

coated  house  has  many  of  the  merits  of  the 
all-brick  one,  and  costs  slightly  less.  How- 
ever, the  fire  hazard  is  increased  somewhat  in 
this  type  of  house. 

Stucco.  Stucco  is  a most  satisfactory 
building  material  for  dwelling  houses  and  is 
fast  becoming  very  popular.  It  is  well  suited 
to  the  farmhouse,  because  its  cost  is  moderate; 
it  is  as  nearly  fireproof  as  brick  or  stone;  it  is 
warm  in  winter  and  cool  in  summer;  and  it  is 
adaptable  for  use  in  all  farm  buildings,  mak- 
ing a pleasing,  harmonious  farm  group. 

A stucco  house  is  but  little  more  expensive 
than  a wooden  one,  especially  if  constructed 
with  the  outside  plastering  on  metal  lath 
attached  directly  to  the  studding,  thus 
omitting  the  wooden  and  paper  sheathing 
used  in  frame  houses.  In  this  method, 
before  the  interior  lath  is  put  on,  the  outside 
wall  is  back-plastered,  which  makes  it  about 
an  inch  and  a half  thick  and  completely  in- 
closes the  metal  lath.  This  gives  a very 
rigid  construction,  and  effectively  braces  the 
framework  of  the  house.  A more  expensive 
construction  is  to  put  the  usual  sheathing  on 
the  studding  and  to  use  the  stucco  covering 
merely  in  place  of  the  weatherboarding. 
Many  authorities  consider  this  an  unnecessary 
expense,  as  the  stucco  wall  is  entirely  efficient 
without  it,  and  there  is  no  practical  reason 
for  its  use. 

In  some  sections,  the  stucco  house  will  cost 
no  more  than  the  wooden  one.  Where  the 
metal  lath  is  used  for  both  inside  and  outside 
plastering,  giving  a permanent  construction, 
it  is  found  that  the  increased  cost  over  the 
wooden  house  is  only  about  3 per  cent.  This 
addition  would  be  more  than  consumed  in 
an  extra  coat  of  paint,  for  the  wooden  house. 
Sand  and  gravel  for  the  concrete  and  stucco- 
work may  often  be  obtained  near  at  hand, 
and  at  no  cost  except  for  hauling.  If  the 
materials  used  in  the  stucco  house  are  up 
to  standard  specifications,  and  the  work  is  of 
good  grade,  the  upkeep  cost  of  the  house  is 
very  small. 

Stucco  is  a most  responsive  material  and  is 


readily  adaptable  to  any  architectural  design. 
It  is  suitable  for  large  houses  or  for  small  ones, 
for  very  simple  ones  or  for  those  of  a more 
massive,  and  pretentious  character.  It  com- 
bines well  with  other  building  materials; 
it  is  susceptible  of  many  different  finishes, 
and  it  can  be  varied  as  to  color  and  texture 
so  as  to  obtain  any  desired  result. 

Stucco  houses  are  suited  to  a wide  range  of 
landscape  conditions.  The  possibilities  for 
many  color  combinations  in  their  develop- 
ment fit  them  for  particularly  beautiful 
results  among  the  hazy  pinks,  purples,  and 
grays  of  the  western  mountains  and  plains. 
Fittingly  designed  and  properly  constructed, 
they  are  attractive  in  any  surroundings,  and 
they  have  a dignity  and  reserve  found  in  few 
other  houses.  They  age  gracefully,  taking 
on  with  time  a mellowness  of  tone  which  adds 
to  their  charm. 

Stucco  over  hollow  tile  makes  a satisfactory 
and  durable  construction,  but  is  somewhat 
more  expensive  than  plaster  over  wooden 
framing.  These  hollow  blocks  provide  an 
air  space  in  the  walls,  which  helps  to  make  the 
house  less  susceptible  to  outside  changes  in 
temperature.  They  are  also  of  some  benefit 
in  preventing  the  passage  of  moisture  through 
the  walls;  but  they  do  not  entirely  obviate 
this  difficulty,  as  they  are  popularly  supposed 
to  do.  The  method  of  manufacturing  such 
blocks  makes  it  necessary  to  use  a smaller 
amount  of  water  than  is  required  for  maxi- 
mum density,  and,  as  a result,  the  blocks  are 
very  porous. 

Concrete  and  stucco  are  especially  suitable 
for  porch  construction.  Since  porch  floors, 
supporting  walls,  and  steps  are  subjected 
to  great  exposure  to  weather,  they  should 
be  of  permanent  construction.  Materials 
articularly  satisfactory  in  porch  design  and 
uilding  have  an  added  value  for  farmhouse 
use. 

Stucco  is  also  effectively  used  in  remodeling 
farmhouses.  This  is  done  by  what  is  called 
“overcoating,”  or  simply  applying  a stucco 
finish  over  the  old  walls.  This  may  be  put 
on  over  the  old  weatherboarding,  or  the  old 
covering  may  be  removed  ana  the  metal 
lath  applied  to  the  sheathing  or  studding. 
This  is  an  economical  and  satisfactory  method 
of  making  a new  house  out  of  an  old  one* 
With  the  framework  of  the  house  in  good  con- 
dition, the  result  will  be  a building  attractive 
in  appearance  and  having  all  the  essential 
qualities  of  an  original  stucco  house.  This 
method  of  remodeling  eliminates  the  cost  of 
painting  and  outside  repairs. 

Stone.  The  expense  of  construction  with 
stone  is  so  great  as  to  be  prohibitive  of  the 
use  of  that  Building  material  for  farmhouses, 
if  the  cost  of  the  house  is  to  be  kept  within 
its  proper  proportion  to  the  total  farm  invest- 
ment. Even  with  the  stone  at  hand,  the 
expense  of  quarrying  and  dressing  it,  com- 
bined with  the  slower  and  more  difficult 
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construction  required,  will  make  the  total 
building  cost  about  25  per  cent  above  that 
for  a wooden  house.  Field  stones  imbedded 
in  cement  make  a substantial  wall  construc- 
tion, cheaper  than  dressed  stone.  However, 
there  are  only  occasional  localities  and  con- 
ditions where  this  can  be  used.  It  is  pictur- 
esque in  effect,  and  demands  special  designing 
and  combinations  with  other  materials.  It 
cannot  be  considered  a standard  or  typical 
wall  material. 

Combinations  of  materials.  Two  or  more 
of.  the  various  building  materials  may  be 
advantageously  employed  in  the  same  house. 
These  combinations  may  be  dictated  by  the 
architectural  effect  desired,  by  the  outlay 
permitted,  or  by  the  available  supply  of 
the  different  sorts  of  material.  Brick  com- 
bines so  well  that  it  is  nearly  always  found 
where  more  than  one  medium  is  used.  Brick 
and  wood  form  a very  acceptable  combi- 
nation, where  it  is  necessary  to  keep  the 


cost  below  that  of  an  entirely  brick  house. 
Brick  and  stone  combine  well,  but  make  an 
expensive  building.  Brick  and  stucco  give  a 
good  combination,  and  are  hardly  more 
expensive  than  brick  and  timber. 

Recoating  with  brick  for  the  lower  story 
and  with  stucco  or  half-timber  for  the  upper 
one  is  quite  practical,  and  the  results  are  good 
artistically.  Brick  and  shingles,  hollow  tile 
and  shingles,  stucco  and  shingles  are  com- 
binations often  found.  They  are  all  satis- 
factory, and  the  determining  factor  of  their 
choice  should  be  local  conditions  affecting 
the  supply  of  material  or  labor,  or  personal 
preference  as  to  appearance.  Combinations 
including  shingles  are  especially  good  for 
Dutch  Colonial  designs,  as  in  these  the  second- 
story  walls  are  really  roof  surfaces.  Different 
materials  should  be  combined  only  in  large 
or  medium-sized  houses,  as  the  dividing  lines 
break  up  the  surface  areas  and  decrease  the 
apparent  size. 


Things  to  Remember  in  Planning  the  Farmhouse 

The  plan  of  the  farmhouse  must  be  based  upon  the  daily  program  of  the  farm 
family.  This  differs  in  many  essential  points  from  that  of  town  or  city  dwellers, 
and  the  differences  should  be  kept  constantly  in  mind  in  planning  the  farmhouse 
and  its  accessories.  The  demands  made  upon  the  time  and  energy  of  the  mem- 
bers of  the  farm  household  are  controlling  factors  in  fixing  their  mode  of  living 
and  in  determining  the  material  needs  of  their  home  arrangements.  The  chief 
business  of  farmer  folk  is  work;  and  this  usually  injects  itself,  in  some  form  or 
other,  into  all  the  hours  of  the  day.  The  house  is  an  all-day  workshop.  The 
country  housewife  cannot  separate  her  hours  of  domestic  duties  from  those  given 
to  social  exactions  or  devoted  to  recreation  and  culture,  as  can  the  town  woman. 
These  all  go  along  intermingled  through  the  entire  day.  For  this  reason,  the 
parts  of  her  house  devoted  to  these  ends  cannot  be  distinctly  defined  and  set 
apart,  as  in  the  town  house. 

Consider  the  housewife.  The  plan  of  the  farmhouse  should  look  to  such  ar- 
rangements as  will  enable  the  housewife  to  meet  the  varied  demands  upon  her 
with  the  least  expenditure  of  time  and  energy.  Very  often  the  entire  work  of  a 
farmhouse  establishment  falls  upon  one  woman;  if  she  have  help  at  all,  it  is  but 
occasional  and  meager.  Only  the  most  complete  equipment  and  the  most  skill- 
ful arrangement  of  conveniences  will  make  it  possible  for  one  woman  to  carry  all  of 
this  and  successfully  meet  all  of  the  demands  upon  her  vitality,  strength,  and  re- 
sourcefulness. The  plan  of  the  farmhouse  should  be  drawn  to  this  particular  end. 

The  numerous  tasks  and  duties  of  the  country  housewife  consume  so  much  the 
larger  part  of  her  time  and  powers  that,  for  her,  the  usual  proportion  between  work 
and  social  pleasures  for  women  is  reversed,  and  so,  also,  is  the  relative  importance 
of  the  living  and  service  parts  of  her  house.  Her  parlor  is  for  occasional  use  only; 
her  kitchen  is  the  centre  of  her  activities,  and  is  usually  occupied  from  dawn  till 
dark.  The  house  arrangement  should  be  compact,  with  few  halls  and  passage- 
ways, to  save  her  steps  and  to  enable  her  to  carry  on,  or  oversee,  activities  in 
different  rooms  at  the  same  time.  She  may  drop  down  in  an  inviting  rocker  in  the 
living  room  and  read  the  paper  while  waiting  for  the  men  to  come  from  the  fields 
for  dinner,  if  the  living  room  and  kitchen  adjoin,  enabling  her  to  keep  an  eye  on 
dinner  while  waiting. 
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Use  porches  as  much  as  possible.  The  farmhouse  should  be  so  planned  that 
the  family  may  live  more  on  porches  than  in  closed  rooms.  Every  farmhouse 
should  have  a dining  porch  and  provisions  for  outdoor  sleeping.  The  dining 
porch,  of  course,  must  be  screened  against  flies;  and  this  will  also  shut  out  the 
dogs,  cats,  and  chickens.  This  porch  will,  probably,  very  soon  become  the  living 
porch,  also.  Many  farmers,  in  planning  their  houses,  omit  porches  because  of  the 
expense.  It  is  true  that  the  cost  of  a porch  is  about  that  of  a room;  but  the  ser- 
vice and  benefit  derived  from  a porch  is  not  equaled  by  that  of  any  room  except 

the  kitchen.  The  porch,  fit- 
ted with  hinged  or  removable 
sash  to  be  used  in  cold 
weather,  makes  a comfortable 
and  most  attractive  living 
room  in  all  but  very  severe 
weather.  With  large  inclosed 
porches,  some  rooms  may  be 
omitted  or  reduced  in  size,  so 
that  the  porch  need  not  really 
add  much  to  cost  of  the  house. 
The  porch  extending  from 
the  house  and  exposed  on  3 
sides  gets  more  of  the  sum- 
mer breezes  than  the  built-in 
kind;  but  it  costs  more,  and 
is  less  serviceable  in  protecting  against  rain  and  wind  and  sun. 

The  recessed  porch  between  two  extensions  of  the  house,  or  the  inclosed  one 
which  is  made  an  integral  part  of  the  house  plan,  affords  all  of  the  delights  of  out- 
door living  without  the  exposure  to  wind,  sun,  and  insects  accompanying  the  use 
of  the  open  porch. 

The  farmhouse  should  be  completely  and  effectively  screened  against  flies. 
This  is  more  important  for  the  country  house  than  for  any  other,  if  there  can  be 
comparative  degrees  in  anything  so  imperative.  The  preparation  and  handling 
of  food  is  going  on  so  much  of  the  time  in  the  farmhouse,  and  occupies  such  a large 
and  important  place  in  the  labor  program,  that  flies  are  attracted  in  unusual 
numbers,  so  that  screening  is  particularly  necessary  here.  Indeed,  the  dining 
porch  is  utterly  impractical  unless  effectively  screened.  • If  the  only  entrance  to 
this  porch  be  from  the  inside,  the  exclusion  of  flies  will  usually  be  more  complete. 
Such  an  arrangement  might  work  greater  inconvenience  in  other  ways,  however. 


Fig.  482.  The  farmhouse  with  plenty  ofTporch?epace  off  era  excep- 
tional advantages,  both  in  summer  when  the  porches  may  be  screened 
and  in  winter  when  they  may  be  glassed  in. 


Relation  and  Equipment  of  the  Different  Parts  of  the  House 

Because  the  social  life  of  the  farm  family  is  so  largely  dependent  upon  its  own 
members,  and  because  home  influences  and  conditions  mean  so  much  more  for 
country  children  than  for  those  who  have  the  varied  associations  and  opportuni- 
ties of  town  life,  all  of  the  arrangements  of  the  farmhouse  should  be  conducive  to 
easy  sociability.  They  should  provide  constant  conditions  favorable  to  the  nat- 
ural injection  of  this  spirit  into  whatever  is  doing  about  the  home.  The  different 
parts  of  the  house  should  be  so  related  and  equipped  as  to  invite  to  pleasant  com- 
panionship, and  to  offer,  naturally,  in  the  days  routine,  the  pleasures.and  comforts 
of  a genuine  home  life. 


The  living  room.  There  should  be  a the  general  lines  of  passage  to  the  other  parts 
large,  airy  living  room  with  an  open  fire,  of  tne  bouse.  A very  desirable  arrangement 
This  room  should  be  centrally  located  and  on  is  to  have  the  other  downstairs  rooms  open- 
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ing  from  this  general  room.  The  members  of 
the  farm  family  are  usually  tired  at  night, 
and  they  will  not  go  out  of  their  way  to  find 
sociability  or  diversion,  but,  if  these  are  at 
hand,  their  benefits  are  reaped  without  extra 
exertion.  This  room,  if  sufficiently  large, 
may  well  be  a combination  living  and  dining 
room.  This  arrangement,  too,  avoids  the 
expense  of  a partition  wall,  saves  steps  for 
the  housewife,  and  provides  pleasant  sur- 
roundings for  the  family  meals.  It  is  espec- 
ially practical  in  connection  with  a dining 
porch,  because  the  porch  will  be  in  use  during 
the  season  when  there  may  be  many^farm 
hands  to  be  fed. 

It  may  be  objected  that  it  will  be  difficult 
to  keep  this  room  dean  on  account  of  so 
much  passing  through  it  and  because  of  its 
many  uses.  It  certainly  will  entail  no  more 
work  to  get  rid  of  dirt  from  1 room  than  to 
dear  away  the  same  amount  scattered  over 
2 or  3.  Besides,  the  point  of  attack  for  indoor 
cleanliness  is  outside  the  house.  If  there  are 
walks  about  the  doors  and  yards,  and  pro- 
visions for  cleaning  muddy  or  dusty  shoes 
and  dothing  outside,  or  for  leaving  them  in 
an  anteroom,  no  great  amount  of  dirt  need 
be  brought  into  the  house. 

A very  satisfactory  arrangement  is  to 
have  a small  parlor,  or  annex,  opening  into 
the  living  room  by  double  doors,  so  that  the 
two  may  be  thrown  together,  when  necessary. 
This  will  supply  the  reserve  accommodations, 
ready  and  near  at  hand,  for  use  on  more 
ceremonious  occasions,  or  when  more  room 
is  needed.  This  will  also  be  a comfort  to  the 
housewife;  for  the  room  can  easily  be  kept 
dean  and  in  order  and  ready  for  the  chance 
visitor.  It  will  also  make  possible  a desir- 
able degree  of  privacy  in  the  entertainment  of 
visitors  or  among  the  members  of  the  family. 
This  latter  is  a much  neglected  provision  m 
country  homes;  too  often  it  seems  impossible 
to  have  converse  with  the  farmer,  or  with  any 
of  the  household,  except  in  the  presence  of  the 
hired  man  and  of  every  member  of  the  family. 

The  general  living  room  should  not  be  a 
bedroom:  the  quality  of  both  is  lost  by  this 
arrangement.  Inconvenience  and  discom- 
fort result,  and  the  real  centre  of  the  home-life 
influences  is  destroyed. 

The  living-room-dining  room  combination  is 
a very  satisfactory  one  for  the  farmhome,  but 
the  dining-room-kitchen  combination  is  one 
to  be  unreservedly  condemned.  The  only 
recommendation  that  the  latter  ever  had  was 
that  it  saved  the  housewife  some  steps.  If 
the  dining  room  opens  directly  into  the  kit- 
chen, there  is  really  very  little  to  this  claim, 
especially  as  the  kitchen  must  be  larger,  to  be 
used  this  way.  Besides,  the  strength  exerted 
by  the  housewife  outside  of  the  kitchen,  to 
the  end  of  maintaining  dining  quarters  for 
her  family,  cannot  be  better  used.  Economy 
of  labor  should  be  applied  to  some  of  the  less 
important  demands  upon  her. 


All  meals  should  be  eaten  in  attractive,  con- 
genial, uplifting  surroundings,  for  we  seem  to 
feed  our  souls  as  we  do  our  bodies.  The  atmos- 
phere in  which  we  take  bodily  nourishment 
supplies  at  the  same  time  in  some  subtle  way, 
a food  element  for  our  spirits;  and  its  quality 
goes  to  the  essence  of  our  natures.  Kitchens 
at  best  are  cluttered  and  unsightly  after  the 
preparation  of  a meal,  and  at  no  time  does 
the  equipment  present  an  inspiring  or  restful 
appearance.  In  the  summer  time,  the  kitchen 
is  the  hottest  and  most  uncomfortable  place 
about  the  house,  and  the  family  should  not  be 
asked  to  take  their  meals  there. 

The  breakfast  alcove.  When  there  is 
no  help  and  the  family  is  small,  the  breakfast 
alcove,  flooded  with  the  morning  sun,  is  a 
pleasing  and  labor-saving  addition.  This  is 
especially  convenient  for  winter  use,  when 


Fig.  483.  A sunny  breakfast  porch  is  a boon  for  the 
family  the  year  ’round,  and  an  added  benefit  in  harvest 
time  when  extra  hands  are  boarded. 


coziness  and  warmth  are  at  a premium.  It 
may  become  quite  comfortably  warm,  from 
the  kitchen  range,  before  the  fire  is  well 
started  in  the  dining  room. 

The  stairways.  The  stairway  should  go 
up  from  the  living  room  or  from  a front  hell. 
There  should  be  a separate  back  stairway,  or 
a short  flight  leading  to  a landing  of  the  front 
stairs,  so  that  access  to  the  upper  story  may 
be  had  from  the  back  part  of  the  house  with- 
out infringing  upon  the  privacy  of  the  front 
rooms.  The  need  of  this  is  evident  when  we 
consider  that  the  farmhouse  must  often 
accommodate  the  family,  visitors,  and  the 
hired  help  all  at  the  same  time.  The  cost 
of  stairs  is  not  great  enough  to  weigh  against 
the  convenience  of  having  them  where  needed. 
A very  good  flight  of  stairs  may  be  had  for 
$100,  and  simpler  ones  may  run  as  low  as  $60. 
Box  stairs  for  cellar  or  garret  need  not  cost 
over  $20  or  $25. 

The  right  construction  of  the  stairway  is  a 
very  important  matter  but  one  very  often 
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disregarded*  The  stain  are  often  made  to 
fit  into  a certain  space  instead  of  an  adequate 
space  being  provided  for  hygienic  stairs. 
There  is,  so  to  say,  but  the  fraction  of  an 
inch  in  difference  between  an  easy  stairway 
and  a difficult  one.  Stair-climbing  even  at 
its  easiest,  is  hard  physical  exercise  and  very 
wearing  on  women.  The  steep  stain  of  many 
small  houses  are  responsible  for  countless  cases 
of  illness. 

The  height  of  the  step  on  all  proper  stain 
is  about  7 inches;  it  may  vary  an  eighth  of 
an  inch,  but  not  much  more.  The  tread, 
not  counting  the  nosing , is  exactly  10}  inches 
broad;  that  is,  the  notch  on  the  horse  is  this 
size.  This  is  the  best  possible  stair  propor- 
tion for  the  average  penon.  A steeper  one 
is  too  steep,  and  needs  an  unnaturally  great 
muscular  effort;  one  less  steep  is  tediously 
slow  to  climb.  One  rule  that  has  been  de- 
veloped to  govern  the  proportion  of  stairs  is 
that  the  sum  of  the  rise  and  the  tread  shall 
lie  between  17  and  17}  inches.  Since  the 
natural  stride  will  not  vary  greatly,  the  one 
dimension  should  not  be  materially  increased 
without  decreasing  the  other  by  the  same 
amount.  Another  good  rule  is  that  if  rise 
and  tread  be  multiplied  together,  the  result 
should  not  be  less  than  70  nor  more  than  75 
inches.  This  ideal  proportion  for  domestic 
stairs  does  not,  of  course,  hold  for  all  stairs. 

The  bedrooms.  There  should  be,  at  least, 
one  downstairs  bedroom,  for  the  convenience 
of  the  family.  The  farmer  is  more  subject 
to  night  calls  than  the  town  resident,  as  he 
must  see  to  the  comfort  and  well-being  of  his 
stock  and  poultry  besides  attending  to  the 
numerous  small  interests  about  the  farmstead. 
Two  downstairs  bedrooms,  opening  into  each 
other,  or  connected  by  the  bathroom  or  a nar- 
row Rail,  are  really  better  than  one.  If  there 
are  small  children  or  old  people  in  the  family, 
this  arrangement  is  very  desirable.  In  case 
of  sickness,  it  saves  many  steps  for  the 
attendant,  especially  if  she  is  also  the  house- 
keeper. 

The  bathroom.  The  placing  of  the  bath- 
room is  a very  difficult  problem  in 
any  house  having  but  one.  It  is 
especially  so  where  there  are  both 
upstairs  and  downstairs  bedrooms. 

The  bathroom  should  be  so  located 
as  to  be  easily  accessible  from  the 
majority  of  the  bedrooms.  If  the 
house  be  a 2-story  one  and  most 
of  the  bedrooms  are  upstairs,  the 
bathroom  should  be  on  the  second 
floor.  In  this  case,  the  downstairs 
bedroom  would  be  the  spare  room, 
used  only  for  the  occasional  guest 
or  in  case  of  sickness,  and  conse- 
quently, it  would  be  best  away 
from  the  bathroom.  On  the  other 
hand,  if  the  family  bedrooms  are 
on  the  ground  floor,  and  the  less 
frequently  used  rooms  are  up- 


stairs, the  bathrooms  should  be  downstairs. 
This  latter  arrangement  seems  to  give  the 
greatest  convenience,  all  situations  considered. 

Cleanliness  and  neatness  are  nowhere  more 
important  than  in  the  bathroom.  To  make 
these  easily  attainable,  the  walls  and  floor 
finish  should  be  plain,  washable,  and  imper- 
vious to  water.  Ceramic  tiles  are  extensively 
used  for  bathroom  floors  in  all  but  the  cheaper 
class  of  houses.  They  are  laid  in  cement 
upon  a slab  of  concrete.  As  all  of  the  work, 
except  the  actual  laying  of  the  tile,  can  be 
done  by  ordinary  workmen,  the  cost  of  such 
a floor  is  not  great  enough  to  stand  in  the 
way  of  its  use  in  so  small  a room  as  the  bath- 
room. 

Hired  men’s  quarters.  Many  fanners 
prefer  to  provide  quarters  away  from  the 
farm  home  for  the  hired  men,  and  this  is  the 
most  desirable  plan,  when  practical.  On  the 
vast  majority  of  farms,  however,  there  come 
times,  when  it  is  necessary  to  have  some  hired 
men  housed  with  the  family;  and  a room  for 
this  need  should  be  provided  when  planning 
the  house.  This  room  should  have  an  en- 
trance apart  from  the  family  rooms.  On  the 
large  ranches  of  the  West,  bunkhouses  are 
always  provided  for  the  ranch  hands,  and 
there  is  no  thought  of  including  them  in  the 
family  arrangements.  This  is  a direct  out- 
growth of  the  farming  and  labor  conditions 
obtaining  there. 

The  kitchen.  The  location  of  the  kitchen, 
its  arrangement  and  surroundings,  present 
one  of  the  most  difficult  problems  of  the 
farmhouse  plan.  The  kitchen  is  the  “power 
plant”  of  the  home,  it  is  the  workshop  of  the 
housewife,  and  should  be  her  exclusive  domain. 
It  should  not  be  a general  passageway  for 
the  coming  and  going  of  all  who  are  about; 
nor  should  it  be  the  washroom  for  the  family 
or  for  the  men. 

The  kitchen  should  be  well  lighted,  pref- 
erably from  the  north,  as  this  gives  an  even 
light.  Casement  windows  are  best;  and  they 
should  be  high  enough  to  permit  the  placing 
of  working  tables  or  sink  under  them  while 
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Fig.  484.  A farmwkitchen  before  its  reconstruction  and  rearrange- 
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ment.  Its  size  and  the  scattering  of  its  furniture  mean 
ing  in  doing  the  daily  household  tasks.  Compare  Fig.  485. 
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Fig.  485.  The  farm  kitchen  shown  in  Fig.  484,  remodeled.  Whethe* 
used  as  a dining  room  or  not,  the  preparing  and  serving  of  meals  is 
greatly  simplified.  The  separate  laundry  prevents  much  crowding  and* 
contusion  and  provides  space  for  canning  and  other  emergency  tasks. 


room  from  which  produce  is  loaded 
to  be  taken  to  market,  and  it  is 
the  unloading  place  for  groceries 
and  general  supplies  brought 
home  from  market;  so  that  it  is 
perfectly  in  keeping  with  local 
needs  that  the  entrance  near  the 
kitchen  should  be  the  main  ap- 
proach to  the  house.  This  does 
not  mean  that  the  front  entrance 
should  be  less  attractive,  but  that 
the  back  one  be  more  so;  or  rather, 
that  they  be  combined  into  one 
both  useful  and  inviting.  How- 
ever, the  kitchen  should  have  its 
own  back  door,  opening  into  a 
small  back  yard,  not  approached 
by  a driveway.  This  door  should 
have  a small  work  porch— a cool, 


escaping  the  whipping  back  and  forth  of  the 
window  curtains  over  the  table  top  or  in  the 
face  of  the  worker.  There  should  be  such  a 
relation  of  its  doors  and  windows  as  to  provide 
cross  drafts,  to  carry  out  the  odors  and  smoke. 
If  the  windows  are  in  the  north,  there  should 
be  a south  door  through  which  the  breezes 
may  come.  There  should  also  be  a flue  vent 
for  carrying  off  the  fumes.  With  these 
arrangements,  the  usual  butler’s  pantry, 
interposed  between  the  kitchen  and  dining 
room  to  prevent  the  odors  penetrating  to  the 
rest  of  the  house,  may  be  omitted,  thus  saving 
steps  for  the  worker.  A built-in  dresser  or 
sideboard,  with  doors  opening  in  both  dining 
room  and  kitchen,  permits  prepared  food  to 
be  passed  to  the  dining  room  and  the  soiled 
dishes  to  be  removed  to  the  kitchen  with  a 


* secluded  place,  where  many 
kitchen  duties  may  be  performed.  There 
should  also  be  a place  to  keep  the  garbage 
can  and  the  swillpail,  if  the  lack  of  more 
sanitary  provisions  render  these  necessary. 

The  popular  kitchenette  is  not  so  well 
suited  to  the  farmhouse  as  to  other  homes, 
unless  it  be  helped  out  by  a generous  pantry, 
storeroom,  and  bin  space.  The  country 
kitchen  and  pantry  must  provide  storage 
space  for  large  quantities  of  supplies  for  every- 
day use;  otherwise,  too  frequent  trips  down 
and  up  the  cellar  steps  will  be  required. 
With  this  provided  for,  the  kitchen  should 
not  be  large.  For  the  greatest  efficiency  a 
kitchen  should  be  only  large  enough  to  enable 
the  workers  to  move  about  easily  without 
interfering  with  each  other.  The  sink,  the 
table,  and  the  stove  should  all  be  within 


minimum  of  labor.  This  is  also  a convenient  immediate  reach  of  the  worker,  or,  at  most, 


provision  between  the  kitchen  and  the  dining  only  a few  steps  apart.  Much  floor  space, 
porch.  The  kitchen  and  the  dining  room  after  all  of  the  fixtures  and  equipment  are 


opening  directly  into  each  other  give  the  most  placed,  simply  means  unnecessary  steps  and 
convenient  as  well  as  the  shortest  route  from  wasted  labor.  The  size  of  the  kitchen  must 


kitchen  range  to  dining  table.  An  interven-  be  determined,  of  course,  by  the  number  of 
ing  pantry  with  two  doors  usually  means  two  workers  it  is  expected  to  accommodate;  but, 
comers  to  turn,  and  this  means  an  added  in  the  average  farmhouse,  12  by  14  feet  will 
expenditure  of  physical  strength.  leave  ample  space,  after  all  of  the  conven- 

The  kitchen  entrance.  The  kitchen  should  iences  are  installed  and  the  built-in  cupboards 
be  near  the  main  entrance  of  the  house  and  dressers  completed.  The  more  compact 
and  should  be  easily  accessible  from  it.  A the  arrangement,  and  the  more  services  one 
good  plan  is  to  have  a small  entrance  and  piece  of  equipment  is  made  to  fill,  the  less  the 
stair  hall,  upon  which  open  the  kitchen,  the  work  required. 

living  room,  and  the  dining  room.  Then  The  interior  finish  of  the  kitchen  should 

E radically  all  of  the  passing  in  and  out  will  be  plain  and  simple.  There  should  be  no 
e through  this  way,  and  the  unused  front  fancy  moldings  or  ornate  paneling,  with 
entrance  and  the  abused  kitchen  entrance  will  grooves  to  catch  dust  and  greasy  vapors  and 
be  done  away  with.  The  fact  that  nearly  all  thus  add  to  the  difficulty  and  work  of  keeping 
approach  to  the  farmhouse,  by  visitors  and  the  room  clean  and  sanitary.  Where  mold- 
family  alike,  is  to  the  side  or  back  door  is  the  ings  are  used,  they  should  simply  be  plain 
logical  consequence  of  prevailing  conditions  1 by  3 inch  strips  rounded  at  the  edges.  The 
there.  The  kitchen  is  the  centre  of  activity  walls  should  be  covered  with  some  washable 
of  the  house  workers  and  the  place  where  they  material,  either  a paint  that  will  stand  soap 
are  the  greater  part  of  the  time.  It  is  as  and  water  or  a commercial  wall  covering 
logical  to  go  there  to  find  them  as  to  go  to  a having  a washable  finish.  Both  wall  and 

Erofessional  man’s  office  to  see  him  during  woodwork  should  be  finished  in  a light  color, 
usinees  hours.  Also,  the  kitchen  is  the  preferably  white.  The  floor  should  be  cov- 
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ered  with  linoleum,  or  have  a finish  which  is 
impervious  to  water  and  grease  and  dust,  and 
which  may  be  kept  clean  by  light  moppings. 
An  unsurfaced  wooden  floor  should  never  be 
used. 

One  level  for  all  rooms  on  a floor.  There 
should  be  but  one  floor  level  for  all  of  the 
lower  rooms  of  the  house  and  the  adjoining 
buildings.  Similarly,  there  should  be  only  one 
level  for  the  upstairs  rooms.  Different  floor 
levels,  with  short  flights  of  steps  between  rooms, 
may  make  a picturesque  architectural  feature; 
but  they  do  not  belong  in  the  farmhouse, 
where  conservation  of  the  housewife’s  strength 
is  the  controlling  consideration.  The  refriger- 
ator; the  pantry  or  kitchen  storeroom;  the 
kitchen  fuel  supply;  the  well  pump,  if  running 
water  is  not  in  the  house — all  of  these  should 
be  on  the  kitchen-floor  level.  Going  up  and 
down  steps  requires  much  greater  expenditure 
of  energy  than  movement  on  a plane,  and  this 
needless  expenditure  of  strength  should  not  be 
imposed  upon  the  farmer’s  wife. 

The  laundry.  The  laundry,  whether  con- 
nected with  the  kitchen  or  in  a detached 
building,  should  have  the  kitchen-floor  level. 
Many  housewives  prefer  the  detached  laun- 
dry, and  this  certainly  has  advantages  in  fire 
protection  for  the  house  and  in  relief  from  the 
smell  of  suds  through  the  dwelling.  It  is 
not  so  convenientjwhen  the  laundry  and  cook- 
ing must  be  done  by  the  same  person,  and  it 
adds  a few  items  to  the  construction  cost. 
There  is  no  good  reason  for  putting  the  farm 
laundry  in  the  basement.  This  practice  is 
simply  a town-house  feature  carried  into 
country  construction  without  thought  as  to 
its  adaptability.  It  merely  has  the  one  advan- 
tage of  being  under  the  house  roof  and  of 
saving  so  much  expense  thereby.  But  the 

E roper  degree  of  economy  in  the  actual  out- 
ly  for  the  farmhouse  is  only  that  which  is 
compatible  with  the  best  ilse  of  the  natural 
advantages  of  the  country.  The  country- 
woman should  not  be  asked  to  go  down  and 
up  the  basement  steps  to  do  her  laundry  work, 
probably  keeping  an  eye  on  the  dinner  cook- 
ing above  at  the  same  time,  and  then  to 
carry  the  clothes,  wet  and  heavy,  up  the 
steps  to  be  hung  out.  The  opporunity  for 
drying  the  clothes  in  the  open  air  and  sun- 
shine should  not  be  foregone. 

A paved  court,  under  an*  extension  of  the 
house  roof,  serving  among  other  uses  as  a 
drying  yard  in  stormy  weather,  is  a most 
comfortable  and  useful  adjunct  to  the  laun- 
dry, although  not  possible  where  the  cost  must 
be  kept  at  the  lowest. 

The  cellar.  A necessity  for  the  farm- 
house is  a large,  dry,  well-ventilated  cellar, 
preferably  under  the  house.  It  should  be 
planned  with  the  same  forethought  and  study 
as  that  given  to  any  other  part  of  the  struc- 
ture, and  every  detail  of  its  arrangement  and 
construction  should  be  carefully  worked  out 
in  relation  to  the  house  plan.  It  should 


contain  a fireproof  furnace  room,  large  enough 
to  contain  a winter’s  supply  of  fuel.  The 
space  required  for  this  will  depend  upon  the 
size  of  the  house  and  the  kind  of  fuel  used, 
but  an  average  size  is  14  by  16  feet.  More 
storage  room  of  every  sort  is  needed  about 
the  country  house  than  elsewhere.  The 
vegetable  and  fruit  room  in  the  cellar  should 
not  be  less  than  16  by  16  feet  for  the  average 


Fig.  486.  Cellar  plan  of  prize  farmhouse  (see  Fig.  480). 
Note  Mrs.  Freudenberger's  objections  to  the  location  of 
the  laundry  as  suggested  here. 


farm.  It  should  be  fitted  with  hanging 
shelves  and  racks,  and  should  be  so  protected 
from  the  furnace  room  as  not  to  become  heated 
from  it.  The  cellar  entrance  should  be 
under  cover  and  easily  accessible  from  both 
the  inside  and  the  outside  of  the  house.  The 
cellar  stairs  should  have  an  easy  slope. 

Washroom  for  the  men.  A washroom 
for  the  men  should  be  provided,  both  for  their 
convenience  and  for  that  of  the  kitchen 
worker.  This  room  should  have  an  outside 
entrance,  and  passage  from  it  to  the  dining 
room  should  be  by  way  of  a hall  or  porch, 
so  as  to  avoid  the  necessity  of  the  kitchen  or 
living  room  being  made  a public  passageway. 
Clothes  hooks  and  hatracks  should  be  placed 
here.  The  very  dirty  field  clothes  of  the 
men  may  be  exchanged  here  for  more  suitable 
ones  for  the  table,  thus  saving  the  carrying 
of  a great  deal  of  dirt  into  the  house. 

The  attic.  A finished  attic  is  unnecessary 
in  the  farmhouse.  It  is  largely  impractical 
as  a storeroom,  and  the  need  of  conserving 
ground  space  is  not  great  enough  to  warrant 
the  call  to  climb  an  extra  flight  of  stairs. 
The  attic  space  may  be  made  effective  in 
protecting  the  rooms  below  from  heat,  if 
proper  ventilating  devices  are  installed  to 
induce  air  circulation  through  it.  It  is  some- 
times economical  to  place  flooring  over  the 
attic  joists  for  the  heat  it  will  save  in  cold 
weather. 

Clothes  closets.  There  are  no  more 
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valuable  spaces  in  a house  than  the  clothes 
closets,  yet  they  are  very  often  omitted  from 
the  farmhouse  plan.  Every  bedroom  should 
be  provided  with  a fair  sized,  well-ventilated 
clothes  closet.  Proper  ventilation  will  often 
prevent  the  dampness  sometimes  found*  in 
closets  along  outside  walls,  especially  where 
the  wall  construction  is  poor.  Closets  need 
to  be  carefully  planned,  because  it  is  the  hand- 
ling of  the  details  of  their  construction  with 
a view  to  the  efficient  use  of  all  the  space  that 
keeps  their  cost  down  to  a fair  share  of  the 
whole.  Ample  closets  and  built-in  dressers 
may  often  be  provided  by  using  spaces,  which 
would  otherwise  be  wasted,  under  stairways, 
low  roofs,  or  in  angles  of  irregular  houses. 
Three-cornered  closets,  or  those  that  project 
into  the  room,  making  extrafcomers,  are  not 
so  desirable  as  those  so  built  as  to  leave 
straight,  entire  wall  spaces. 

The  fireplace.  No  one  detail  of  the 
farmhouse  will  mean  more  for  the  cheer  and 
comfort  of  the  home  than  an  open  fire.  All 
the  weight  of  sentiment  is  in  favor  of  the 
fireplace,  for  the  hearthstone  is  the  symbol  of 
the  home.  Doubtless,  sentiment  has  kept 
the  fireplace  in  many  houses  where  it  was 
not  needed,  or  was  not  adequate  as  a source 
of  heat.  Improvements  in  construction  have 


eliminated  many  of  the  annoying  defects 
found  in  the  oldtime  fireplace.  A fireplace, 
properly  constructed,  is  an  efficient  heating 
device  and  may  take  its  place  among  the  dis- 
tinctly utilitarian  features  of  the  house. 
For  greatest  efficiency,  chimneys  for  fireplaces 
should  be  placed  against  interior  walls. 
This  permits  the  heat  absorbed  by  the  chim- 
ney to  be  given  out  inside  the  house,  instead 
of  being  wasted  on  the  outside  air.  A fire- 
place designed  for  use  rather  than  for  looks 
need  not  be  very  large.  For  a small  fireplace, 
an  opening  24  by  30  inches  is  usual,  and  one 
30  by  30  inches  will  heat  a medium-sized 
room.  Larger  openings,  however,  look  bet- 
ter, as  well  as  serve  better,  for  larger  rooms. 
The  flue  opening  should  contract  to  about 
5 inches  in  width,  and  a damper  may  be 
placed  in  this,  to  reduce  it  further  for  eco- 
nomical and  efficient  heating.  There  should 
be  an  offset,  or  shelf,  just  above  the  throat, 
to  prevent  down  drafts  from  driving  the 
smoke  into  the  room. 

Fireplaces  are  efficient  ventilators,  when 
in  use,  and  will  giva-  valuable  service  without 
fires,  if  the  dampers  are  open.  As  a dec- 
orative feature,  the  fireplace  and  mantel, 
susceptible  of  such  a variety  of  treatment, 
have  no  rival. 


How  the  House  Should  Stand 


There  are  certain  well-defined  principles  concerning  dwelling  houses  and  their 
position  with  relation  to  the  points  of  the  compass;  and  these  are  based  upon  con- 
siderations of  sanitation  and  hygiene,  as  well  as  upon  household  routine  and  the 
fixed  laws  of  the  elements.  It  is]  a very  simple  matter  to  state  these  rules,  but 
it  is  a much  more  complex  problem  to  plan  a house  in  which  all  of  the  desired 
objects  can  be  attained.  In  general,  the  living  rooms  and  porches  should  face 
the  south  and  east.  The  dining  room,  if  used  also  as  the  breakfast  room,  should 
have  an  east  exposure;  otherwise,  it  may  very  well  be  upon  the  west.  The 
kitchen  is  best  lighted  from  the  north,  but  it  should  have  a south  breeze,  if  possi- 
ble. It  is  most  comfortable  as  a workroom,  if  placed  on  the  west,  so  as  to  have 
shade  in  the  forenoon.  The  less  used  parts  of  the  house,  such  as  halls,  closets, 
storerooms,  and  stairways,  should  be  on  the  north  and  west  sides.  In  these  posi- 
tions, if  against  outside  walls,  they  protect  other  parts  of  the  house  from  cold 
winds  and  the  hot  afternoon  sun,  and  allow  the  more  pleasant  exposures  for  the 
much-used  rooms. 

Building  tradition  and  widely  established  custom  to  the  contrary  notwith- 
standing, a north  porch  has  many  merits.  It  makes  a most  delightful  living  room 
for  many  months  of  the  year,  receiving  the  early-morning  and  late-aftemoon  sun, 
but  being  shaded  during  the  heat  of  the  day.  Not  the  least  of  its  delights  is  the 
view  that  it  affords  of  summer  sunrises  and  sunsets.  During  the  few  midwinter 
months,  when  it  is  so  exposed  to  the  wind  and  snow  as  to  be  of  little  use  as  a liv- 
ing room,  it  protects  the  house  from  cold  and  saves  heat  and  fuel. 

Windows  and  outside  doors.  Windows  should  be  generously  provided  for 
in  the  farmhouse  plan,  and  they  should  be  of  medium  size  and  fair  proportions. 
They  should  be  more  numerous  on  the  south,  east,  and  west  sides,  so  as  to  admit 
more  sunshine  and  less  cold  wind.  If  placed  too  high  above  the  floor,  as  was 
common  in  old-time  houses,  or  made  so  narrow  as  to  be  little  more  than  slits 
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in  the  walls,  as  is  sometimes  done  in  cheap  houses  to-day,  they  are  ineffective  for 
the  admission  of  sunshine  into  the  house.  If  too  large,  they  appear  unwieldy  and 
pretentious;  for  all  farmhouse  windows  should  be  made  to  open,  and  this  is  im- 
practical for  very  large  ones.  Their  height  should  be  so  determined  as  to  have 
the  transom,  or  division  between  the  sashes,  come  above  the  average  eye-line,  so 
as  not  to  cut  in  two  the  landscape  seen  through  the  windows. 

The  grouping  or  non-grouping  of  the  windows  will  be  determined  somewhat 
by  the  design  of  the  house,  and  by  the  desired  distribution  of  the  light  within  the 
rooms.  It  is  admitted,  however,  that  grouped  windows  give  more  satisfactory 
lighting  results  than  the  same  window  area  scattered.  Casement  sash  are  es- 
pecially good  for  windows  that  are  high  above  the  floor.  These  need  be  only 
as  large  as  double-hung  windows,  to  give  the  same  amount  of  ventilating 
service.  They  are  simple  in  construction,  may  be  easily  screened,  and  help  to 
make  a pleasing  exterior. 

Outside  doors  should  be  few  in  number  and  be  placed  on  the  warm  sides  of 
the  house.  They  should  open  on  to  porches,  or  be  protected  by  hoods  or  by  small 
entrances,  partly  inclosed  or  not,  but  always  covered.  No  outside  door  should 
ever  be  made  without  at  least  a small  platform  for  it  to  open  on  and  a roof  ex- 
tension to  protect  this  and  the  steps.  Doors  opening  on  to  inclosed  porches  are 
best  protected. 

The  dooryard.  The  proper  care  of  the  farmhouse  and  its  proper  enjoyment 
are  greatly  dependent  upon  its  immediate  surroundings.  The  first  necessity 
of  these  is  a dooryard  fenced  against  stock  and  poultry.  This  need  not  be  very 
large,  especially  the  back  yard,  but  it  should  belong  to  the  house  alone.  No  yard 
or  doorstep  can  be  kept  clean  and  attractive  if  overrun  by  chickens;  and  grass 
and  shrubs  and  flowers  soon  give  way  to  such  invaders. 
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FK3.  487.  The  fireplace  is  a symbol  of  home  and  the  family  and  as  such  should  have 
a place  in  the  farmhouse.  But  it  is  not  an  efficient  heating  apparatus 

CHAPTER  31 

Farmhouse  Equipment 

By  K.  J.  T.  Ekblaw,  Professor , and  in  charge  of  Agricultural  Engineering , Kansas  State 
Agricultural  College.  He  was  bom  on  a farm  in  Champaign  County , Illinois— the  heart  of  the 
Com  BeU — and  lived  there  for  21  years , attending  country  school , then  high  school  and  then  teach- 
ing for  two  years.  Later  he  studied  engineering  and  architecture  at  the  University  of  Illinois  and 
at  Yale,  returning  still  later  to  teach  agricultural  engineering  at  the  former  institution.  He  has 
also  lectured  extensively  before  Farmers 1 Institutes  and  is  author  of  uFarm  Structures,”  “ Farm 
Concrete,”  a number  of  station  bulletins  and  many  contributions  to  agricultural  periodicals. — 
Editor. 

AFTER  the  site  of  the  farmhouse  has  been  selected,  its  design  decided  upon, 
the  material  of  which  it  is  to  be  built  chosen,  and  its  plan  and  general  ar- 
rangements settled,  there  yet  remains  for  consideration  the  general  equipment  of 
the  dwelling. 

The  health,  comfort,  and  convenience  of  the  farm  family  and,  indeed,  the  ac- 
tual livableness  of  the  farmhouse,  are  so  largely  dependent  upon  the  methods  or 
systems  of  heating,  lighting,  water  supply,  plumbing,  and  sewage  disposal  em- 
ployed, that  too  much  emphasis  cannot  he  laid  upon  the  importance  of  installing 
each  of  these  in  the  best  manner  possible. 

Heating 

The  modem  farm  home  (except  in  the  South)  is  incomplete  without  a 
central  heating  system.  The  fact  remains,  however,  that  a great  number  of 
homes  are  still  heated  by  the  more  old-fashioned  methods  of  fireplaces  and  stoves; 
and  it  is  quite  likely  that  both  of  these  will  continue  in  use  for  many  years  to 
come.  The  need  for  efficient  heating  systems  has  long  been  felt;  and,  with  the 
rapid  development  of  other  modem  conveniences  for  the  farm  home,  there  has 
been  a coincident  increase  in  the  number  of  modem  heating  systems  installed. 

Fireplaces.  Fireplaces,  as  a means  of  as  built  in  those  days,  was  almost  insignificant; 
heating,  are  perhaps  the  most  inefficient  of  for  the  entire  fireplace  could  be  constructed 
all,  though  a century  ago  they  were  accepted  with  common  labor,  which  was  extremely 
as  almost  standard.  The  cost  of  fireplaces,  cheap,  and,  of  course,  the  materials  them- 
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selves  were  right  at  hand  and  could  be  ob- 
tained at  almost  no  cost  whatever.  Fire- 

E laces  are  also  exceedingly  wasteful  of  fuel; 

ut,  again,  in  pioneer  days  fuel  could  be  ob- 
tained at  no  expense  other  than  that  of  the 
labor  involved  in  cutting  the  wood  and  trans- 
porting it  to  the  home.  The  greatest  disad- 
vantage of  the  fireplace  lies  in  its  inefficiency; 
for,  of  the  heat  produced  in  the  combustion 
of  fuel,  only  a very  small  per  cent  is  utilized 
in  heating  the  room  in  which  the  fireplace  is 
placed. 

Fireplaces  are  still  quite  often  met  with, 
but  they  are  designed  mainly  for  the  cheer 
which  accompanies  open-hearth  fires.  It  is 
true  that  they  may  be  made  quite  useful  in 
the  late  days  of  fall  and  in  the  early  days  of 
spring,  when  the  air  within  the  house  needs  to 
be  slightly  tempered,  in  order  to  be  really 
comfortable.  Another  advantage  of  the 
fireplace  is  the  ventilation  which  it  furnishes; 
most  of  the  heated  air  goes  up  through  the 
flue  and,  of  course,  fresh  air  must  be  drawn 
into  the  room  to  replace  it.  There  are  on  the 
market  special  ventilating  fireplaces  in  which 
a passage  extends  from  the  exterior  of  the 
house  through  the  fireplace  and  opens  into  the 
interior  above  the  fire;  the  heat  of  the  fire 
naturally  induces  a circulation  of  air  through 
this  flue,  and,  as  a result,  warm  fresh  air  is 
discharged  into  the  room. 

Stoves.  The  inconvenience  of  taking  care 
of  fireplaces,  coupled  with  the  great  amount 

of  dust  and 
dirt  attendant 
upon  their  use, 
led  to  the  de- 
velopment of 
a heating  de- 
vice in  which 
the  fire  could 
be  inclosed 
within  a re- 
ceptacle and 
controlled  to 
some  degree. 

The  first  so- 
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Fig.  488.  Section  of  a 
fireplace.  The  opening 

should  be  from  ten  to 

& 

twelve  times  the  area  of 
the  throat,  (which  in  turn 

should  not  exceed  that  of 
the  flue.  Thus  if  the  flue  is  twelve  inches  square  (144 
square  inches)  and  the  throat  36  inches  wide,  the  latter 
should  be  but  four  inches  deep  and  the  fireplace  opening 
approximately  42  x 44  inches. 


ally  enclosed  fireplaces,  and  it  required  a little 
experimenting  before  a Teal  stove  was  pro- 
duced. The  use  of  stoves  is  advantageous 
because  the  receptacle  containing  the  nre  is 
included  almost  entirely  within  the  room  to 
be  heated,  and  the  only  communication  with 
the  outside  air  is  through  the  smoke  pipe; 
the  loss  of  heat  through  the  stovepipe  is  quite 
small  when  compared  with  the  loss  of  neat 
from  the  fireplace.  Aside  from  the  heat  lost 
through  the  smoke  flue,  all  the  heat  radiation 
from  the  stove  is  utilized  in  warming  the  air 
of  the  room.  A certain  amount  of  ventila- 
tion will  result,  since,  of  course,  air  is  required 
for  the  combustion  of  the  fuel,  and  the  stove 
must  have  a constant  supply  of  a small  quan- 
tity of  fresh  air,  thus  inducing  a circulation. 

The  disadvantage  of  stoves  is  the  incon- 
venience of  struggling  with  the  dust  and  dirt 
which  always  accompany  them.  Then,  too, 
it  is  difficult  to  heat  more  than  one  room  with  a 
stove  unless  an  extremely  large  one  is  used; 
and,  in  such  cases,  the  distribution  of  the  heat 
is  certain  to  be  irregular.  The  employment 
of  a large  number  of  stoves  involves  a corres- 
ponding increase  in  the  labor  of  attention; 
and,  where  a large  house  is  to  be  heated 
throughout,  a considerable  waste  is  likely  to 
result. 

Stoves  are  useful  for  certain  purposes  and, 
indeed,  sometimes  can  hardly  be  replaced,  as 
for  water  heaters,  for  laundry  and  laboratory 
pun>oses,  and  for  heating  small  buildings  in 
which  the  installation  of  a more  elaborate 
equipment  would  be  inadvisable  from  an  eco- 
nomic standpoint. 

Hot-air  systems.  The  difficulty  in  caring 
for  a large  number  of  stoves,  and  the  loss  in 
economy  resulting  from  their  use,  brought 
about  the  development  of  what  might  be 
termed  the  first  modem  heating  system, 
which  in  reality  was  simply  a large  stove,  but 
differing  from  stoves  in  that  the  heat  dis- 
tribution could  be  definitely  controlled. 

A hot-air  system  consists  essentially  of  a 
heat  generator  surrounded  by  a tight  sheet- 
metal  case  having  an  inlet  for  cold  air  and 
one  or  several  warm  air  outlets  by  means  of 
which  the  heat  is  sent  through  the  various 
portions  of  the  building  to  be  heated. 

The  cold-air  inlet  may  be  within  the  house 
at  some  point  near  a door  or  where  the  degree 
of  heat  is  of  minor  importance.  It  is  some- 
times connected  with  the  exterior;  and,  in  the 
best  installations,  the  cold-air  duct,  as  it  is 
called,  is  connected  with  both  the  interior  and 
the  exterior  of  the  house,  and  a damper  is  in- 
stalled, so  that  the  air  supply  may  be  ob- 
tained from  either  place.  The  location  of  the 
exterior  opening  of  the  cold-air  duct  should 
not  be  on  the  side  of  the  house  which  is  subject 
to  the  direct  action  of  prevailing  winds;  for, 
in  cold,  windy  weather,  the  force  of  the  wind 
may  be  sufficient  to  drive  more  air  through  the 
system  than  is  necessary,  resulting  in  a waste 
of  heat.  Should  this  action  occur,  even  when 
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Fig.  489.  Pipeless  hot-air 
furnace  in  part  section 


the  opening  is  on  the 
1—  protected  side  of  the 
house,  the  damper 
should  be  turned  so 
that  part  or  all  of  the 
air  will  be  taken  from 
the  interior. 

The  warm-air  ducts 
leading  to  the  various 
rooms  are,  in  the  best 
arrangement,  taken 
off  the  upper  part  of 
the  casing  from  a sec- 
tion shaped  like  the 
base  of  a cone.  This 
permits  of  a more  di- 
rect flow  of  air,  and 
eliminates  the  sharp 
turns  which  are  neces- 


sary when  the  hot-air  passages  are  taken  off 
directly  from  the  horizontal  top  of  the  casing. 

Size  of  pipes  is  important  The  size  of 
the  warm-air  pipes  is  important.  None  should 
be  less  than  6 inches  in  diameter,  and  for  an 
average  room,  8 inches  should  be  the  mini- 
mum. Since  a 10-inch  pipe  is  about  the 
maximum  practical  size,  a large  room  should 
be  suppled  with  two.  The  carrying  capa- 
city of  circular  pipes  varies  as  the  square  of 
the  diameters  and  is  influenced  also  by  fric- 
tion, so  that  two  8-inch  pipes  are  approxi- 
mately equal  to  one  10-inch  pipe  in  efficiency. 

Warm-air  pipes  should  be  covered  with 
insulating  material,  to  prevent  loss  of  heat. 
Connections  between  the  vertical  pipes,  or 
stacks,  and  the  rooms  may  be  made  by  means 
of  either  floor  or  wall  registers.  The  latter 
are  better  in  that  they  are  cleaner  and  inter- 
fere less  with  the  placing  of  furniture;  but, 
the  installation  of  a wall  register  means  an- 
other sharp  turn  in  the  pipe  and  a consequent 
reduction  in  the  velocity  of  the  air  flow. 

The  total  cross-section  area  of  the  cold- 
air  duct  should  be  about  the  same  as  the  total 
cross-section  area  of  all  the  warm  pipes. 
The  former,  being  one  large  pipe,  has  a lower 
frictional  resistance  than  the  combined  warm- 
air  pipes.  It  is  usually  brought  down  to  the 
basement  floor,  and  enters  the  furnace  casing 
at  the  bottom. 

For  houses  of  the  bungalow  type,  or  those 
in  which  there  are  large  openings  between  the 
rooms  and  open  stairways  between  the  floors, 
the  pipeless  type  of  hot-air  furnace  is  easy  to 
install  and  deservedly  popular.  Instead  of 
several  pipes  it  has  a single  duct  leading 
from  the  top  of  the  casing  to  a large  floor  regis- 
ter directly  above.  From  this  the  warm  air 
circulates  through  the  house  gradually  cooling, 
sinking,  and  re-entering  the  fufnace  either 
through  the  same  register  and  an  outer  jacket 
in  the  casing,  or  through  a return  air  shaft 
built  to  open  either  into  the  cellar  or  on  the 
main  floor.  In  connection  with  this  type 
one  or  more  combination  floor  and  ceiling 


registers  may  be  employed  to  carry  surplus 
heat  from  one  room  to  another  above,  and 
thereby  improve  the  circulation. 

A hot-air  system  is  a desirable  method  of 
heating  because  it  is  easily  cared  for  and  per- 
mits full  control  of  the  heat  distribution.  Heat 
reaches  the  different  rooms  just  as  soon  as 
the  air  starts  circulating,  which  occurs  within 
a few  minutes  after  the  fire  is  kindled.  This 
system  also  removes  any  possible  danger  of 
frozen  pipes  or  radiators  whether  caused  by 
accident  or  carelessness. 

The  main  objection  to  a hot-air  furnace  is 
that  it  is  dusty  and  dirty  in  its  operation,  es- 
pecially when  the  air  supply  is  taken  from 
inside  the  house.  In  the  latter  case,  too, 
there  is  the  possibility  that  the  air,  being  used 
over  and  over,  may  become  poor  or  “viti- 
ated”; but  this  can,  of  course  be  easily  pre- 
vented by  ventilating.  On  the  whole,  hot- 
air  systems  are  more  efficient,  cleanly  and 
economical  than  a number  of  stoves  of  an 
equal  heating  capacity,  but  less  efficient  than 
the  more  elaborate  steam  or  hot-water  systems. 

Steam-heating  systems.  The  steam-heating 
system  was  the  next  stage  in  the  development 
of  modern  heating  systems.  The  essentials 
of  a steam-heating  system  consist  of  a furnace, 
surrounded  by  a casing  containing  water,  and 
a system  of  distributing  pipes.  In  operation, 
the  water  must  be  brought  to  the  boiling  point 
before  steam  is  produced.  Since  the  system  is 
inclosed,  a still  higher  temperature  will  produce 
a small  pressure,  which  will  drive  the  steam 
through  the  distributing  system.  In  the  rooms 
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to  be  heated,  the  steam  Is  circulated  through 
radiators,  where  a part  of  it  is  condensed  m 
giving  off  its  heat;  and  this  condensation  is 
returned  to  the  boiler  and  again  vaporized. 

Various  types  of  steam  boilers  for  heating 
purposes  are  manufactured,  from  small  single- 
unit types  to  large  horizontal  tubular  boilers 
of  immense  capacity.  For  residences,  how- 
ever, the  most  popular  type  is  the  sectional 
boiler,  which  is  made  of  vertical  or  horizontal 
sections  so  combined  as  to  form  continuous 
heat  and  water  passages.  The  number  of 
sections  can  be  adjusted  to  meet  the  heating 
requirements. 

Different  kinds  of  piping  systems  have 
been  evolved  to  meet  various  requirements; 
the  simplest  system  is  known  as  the  1-pipe 
system.  In  this,  a pipe  is  taken  off  the  top  of 
the  boiler  and  carried  to  within  a few  inches 
of  the  cellar  ceiling.  From  here  it  is  given  a 
pitch  downward  as  it  passes  around  the  cellar 
until  it  reconnects  with  the  furnace  at  the 
bottom.  From  this  pipe  are  taken  off  branches 
or  risers  leading  to  the  various  radiators,  be- 
ing connected  to  the  bottom  of  the  radiator 
in  each  case.  As  many  risers  as  needed  may  be 
taken  off.  The  steam  is  forced  up  into  the 
radiators;  condensing  there  it  returns  as 
water  through  the  same  pipes  that  carried  it 
up  as  steam. 

For  very  large  installations  the  more  ex- 
pensive and  more  complicated  2-pipe  system 
may  be  used.  This  differs  from  the  single- 
pipe system  in  that  a separate  pipe  is  pro- 
vided for  the  return  of  the  condensed  steam. 
There  may  be  a supply,  or  flow,  pipe  and 
a return  pipe  for  each  radiator  stack,  or 
a single  supply  pipe  may  carry  steam  to 
all  the  radiators,  and  a single  return  pipe, 
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Fie.  491.  Two-pipe  steam  heating  system  in  which 
a second  set  of  valves  and  pipes  are  employed  to  return 
the  onprimaeri  steam  to  the  boiler. 


connected  with  all  the  radiators,  may  take 
care  of  the  condensation. 

Vacuum-vapor  system.  In  a modification 
of  the  steam-heating  system,  known  as  the 
vacuum-vapor  system,  certain  economy  re- 
sults from  the  production  of  steam  under 
i vacuum.  In  a system  of  this  kind,  a slight 
pressure  is  first  developed  in  the  boiler,  which 
drives  out  the  air  within  the  piping  through 
, specially  designed  valves  which  allow  the  exit 
of  air,  but  not  of  steam.  When  the  air  has 
all  been  expelled,  the  pressure  is  allowed  to 
drop  and  the  steam  already  in  the  pipe  is 
condensed,  forming  a partial  vacuum.  With 
this  reduced  pressure,  it  is  possible  to  generate 
steam  at  a temperature  below  212  degrees, 
thus  permitting  the  circulation  of  steam  at  a 
low  temperature  with  a resultant  saving 
in  fuel.  It  is  claimed  that  the  economy  ef- 
fected by  the  vacuum-vapor  system  results 
in  the  saving  of  15  per  cent  of  the  fuel  used  in 
an  ordinary  steam-heating  system. 

The  steam-heating  system  is  an  exceedingly 
popular  one.  It  is  simple  in  its  operation 
and,  when  once  the  water  has  been  raised 
to  the  boiling  point,  the  heating  of  the  rooms 
is  very  quickly  accomplished.  On  the  other 
hand,  as  soon  as  the  temperature  of  the  water 
drops  below  the  boiling  point,  the  circulation 
of  steam  drops  immediately  and  the  rooms 
as  rapidly  cool.  Also,  unless  the  piping  sys- 
tem is  carefully  designed  and  installed,  there 
are  likely  to  be  annoying  noises  incident  to  the 
operation  of  the  system.  Even  with  great 
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care,  knocking  is  likely  to  occur,  especially 
where  the  boiler  is  overloaded,  so  that  the 
supply  of  steam  into  distant  radiators  is  in- 
sufficient; in  an  effort  to  furnish  the  heat  re- 
quired, the  steam  is  condensed  too  rapidly,  a 
slight  vacuum  is  formed,  and  the  incoming 
rush  of  steam  to  fill  the  vacuum  causes  knock- 
ing in  the  radiators  and  pipes. 

Hot-water-heating  system.  In  the  hot- 
water-heating  system,  the  boiler  and  all  the 
distributing  pipes  are  filled  with  water,  and 
the  whole  body  of  water  must  be  heated.  Of 
course,  the  circulation  of  the  water  will  begin 
as  soon  as  heat  is  applied,  because  that  por- 
tion of  the  water  adjacent  to  the  fire-box  walls 
will  become  heated  and  will  decrease  in  density 
and  flow  upward,  and  other  water  will  flow 
down  to  take  its  place.  In  this  respect,  the 
hot-water  system  is  superior  to  the  steam  sys- 
tem. It  takes  longer  to  get  up  heat  with  the 
hot-water  system  because  a considerable 
period  of  time  must  elapse  before  the  water 
is  heated  to  a temperature  high  enough  to 
insure  adequate  radiation. 


The  piping  meth- 
ods employed  for  hot- 
water  systems  are 
quite  similar  to  those 
used  for  steam  except 
that  the  1-pipe  system 
is  usually  not  practic- 
able except  in  very 
small  installations, 
and  then  only  when 
large  pipes  are  used; 
for  both  the  flow  and 
the  return  must  be 
carried  on  in  the  same 
pipe.  Two  pipes  are 
therefore  commonly 
used  in  hot-water 
heating,  in  order  that 
there  may  be  a com- 
plete and  positive  cir- 
culation; and  connec- 
tions are  made  with 
top  and  bottom  of  ra- 


Fig.  494.  Sectional  type 
boiler  for  steam  or  hot  water 
heating  system 


Fig.  490.  Diagram  of 
hot  water  system  showing 
boiler  (A),  supply  or  flow 
pipes  (B),  return  pipes  for 
cooled  water  (C)  and  ex- 
pansion tank  at  the 
highest  point  of  the  sys- 
tem (D).  (Minn.  Rrt^n 
Bulletin  60.) 


diators  to  further  facilitate  circulation.  One 
essential  feature  of  the  piping  sys- 
tem for  hot  water  is  the  inclusion 
of  an  expansion  tank  located 
above  the  highest  radiator;  for, 
since  water  increases  in  volume 
with  increase  in  temperature,  some 
means  must  be  provided  in  which 
the  expansion  can  be  relieved. 
Sometimes  the  tank  is  closed,  and 
provided  with  a safety  valve  regu- 
lated for  a few  pounds'  pressure. 
The  additional  pressure  simply 
results  in  increasing  the  tempera- 
ture of  the  water,  and  this  permits 
of  the  use  of  a smaller  amount  of 
radiating  surface.  As  in  the  case 
of  any  safety  valve,  this  part  of 
the  system  should  be  inspected 
occasionally  so  as  to  be  sure  it  is 
in  working  order. 

In  operating  a hot-water  system, 
it  is  advantageous  not  to  drain 
and  refill  it  oftener  than  is  really 
necessary.  When  water  is  heated 
a sort  of  sediment  or  “precipitate” 
is  likely  to  form  in  it  and  this, 
accumulating  upon  the  inside  of 
pipes  and  radiators  gradually  re- 
duces their  efficiency.  The  oftener 
fresh  water  isaddad,  the  more  of  this 
sediment  there  is  likely  to  occur. 

Radiators.  The  radiators  that 
are  used  in  the  steam  and  hot- 
water-heating  systems  are  made 
either  of  cast  iron  or  pressed  steel, 
the  former  being  much  the  more 
common.  They  are  made  in  almost 
every  conceivable  size  and  shape, 
so  as  to  fit  every  possible  condition. 
They  are  made  also  in  various  de- 
signs, from  perfectly  plain  ones  to 
those  highly  ornate. 
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Lighting 

The  development  of  modem  lighting,  systems  has  been  a rather  slow  evolution, 
though  more  has  been  accomplished  within  the  last  half-century  than  had  been 
accomplished  in  all  preceding  time.  Development  has  been  chiefly  along  the 
line  of  perfecting  a few  ideas,  rather  than  in  the  originating  of  a number  of  en- 
tirely different  projects. 


Candles.  Candles  are  still  used  as  a 
means  of  illumination.  They  were  for  many 
years  the  only  means  of  lighting  available  for 
pioneers;  ana,  while  inefficient,  they  possess 
a certain  charm  of  their  own  in  that  the  light 
is  necessarily  produced  in  small  units.  To 
obtain  any  degree  of  illumination  from  them, 
it  is  requisite  that  the  lighting  units  be  rather 
widely  distributed,  thus  preventing  bright 
glare  at  any  one  point.  Candles  are  made 
principally  from  tallow  or  from  paraffin  wax, 
the  latter  being  a petroleum  product.  They 
are  made  in  various  sizes  and  are  usually  sold 
by  the  pound.  Their  chief  use  in  modern 
times  is,  to  a very  small  extent,  as  portable 
lights  and,  to  a greater  extent,  for  decorative 
lighting  in  residences. 

Kerosene.  The  use  of  kerosene  as  an 
illuminating  oil  began  about  the  middle  of 
the  nineteenth  century,  when  the  kerosene 
lamp,  so  familiar  to  all,  was  first  invented. 
It  was  for  perhaps  50  years  an  almost  uni- 
versal means  of  illumination  in  residences; 
and  even  yet  in  rural  districts  it  is  very 
widely  used.  The  light  furnished  by  a kero- 
sene lamp  is  yellow  in  color  and  of  a not  par- 
ticularly desirable  quality.  It  is  cheap, 
however,  but  the  care  of  the  lamp  is  an  annoy- 
ing and  an  inconvenient  feature. 

Kerosene  may  be  burned  in  a lamp  pro- 
vided with  an  ordinary  wick  burner  in  which 
the  oil  is  carried  up  by  means  of  capillary 
action.  A more  efficient  method  utilizes  the 
vaporization  of  the  oil,  combustion  occurring 
within  a mantle,  thus  forming  an  incandescent 
burner  similar  to  that  used  with  ordinary 
illuminating  gas.  The  disadvantage  of  the 
latter  method  lies  in  the  difficulty  of  vapori- 
zation of  the  comparatively  heavy  kerosene. 

Gasoline.  Many  attempts  have  been 
made  in  recent  years  to  utilize  gasoline  for 
lighting  purposes,  with  more  or  less  success. 
Since  gasoline  is  a rather  volatile  oil,  it  is 
necessary  in  order  to  utilize  it  advantage- 
ously, to  vaporize  it  and  mix  it  with  air.  It 
may  be  used  in  individual  lamps,  the  base  of 
which  is  a reservoir  for  the  gasoline  and  in  the 
burner  of  which  the  vaporization  and  car- 
buretion  of  the  gasoline  is  accomplished. 
Such  lamps  are,  however,  not  at  all  safe;  for 
the  flame  is  in  rather  close  proximity  to  the 
oil  itself,  and  explosions  may  result. 

In  addition  to  lamps,  there  are  3 methods 
commonly  made  use  of  in  the  utilization  of 
gasoline  as  an  illuminant;  these  are  respect- 
ively known  as  the  “cold”  process,  the 


Fig.  495.  Gasoline  lighting  plant.  The  gasoline 
stored  outside  is  drawn  into  the  drum- 1 ike  mixer,  vapor- 
ized, and  distributed  through  the  house,  the  apparatus 
being  operated  by  the  weight  of  the  metal,  rock-filled 
tub  which  is  wound  up  like  a clock  weight  at  regular 
intervals. 

“hollow-wire  system,”  and  the  “central- 
generator”  system.  In  the  cold  process, 
the  air  is  passed  over  the  gasoline  and  absorbs 
the  gasoline  vapor  until  it  becomes  saturated. 
It  is  then  sent  around  through  ordinary 
pipes  much  as  any  other  gas  is  handled.  In 
the  hollow-wire  system,  the  gasoline  container 
is  partially  filled  with  compressed  air  and  the 
gasoline  is  forced  around  to  the  various  lamps 
through  a hollow  wire  and  then  vaporized 
in  the  lamp.  Such  a system  is  not  very  desir- 
able for  residence  use,  since  it  requires  several 
minutes  to  get  the  burner  heated  up  suf- 
ficiently to  accomplish  a vaporization  of  the 
oil.  The  central-generator  system  is  so 
called  because  the  gasoline  is  vaporized  by 
heat  at  a central  point  and  there  mixed  with 
air  before  being  sent  around  through  pipes 
to  the  place  where  it  is  to  be  consumed.  All 
that  is  necessary  with  a system  of  this  kind 
is  to  turn  on  the  gas  and  light  it. 

Acetylene.  Acetylene*  is  a gas  which  is 
generated  through  the  absorption  of  water  by 
calcium  carbide.  It  is  a form  of  illuminant 
which  has  been  widely  used,  not  only  for 
isolated  installations,  but  for  municipalities 
as  well;  and  great  success  has  attended  its 
development.  The  light  furnished  by  acety- 
lene when  burned  in  a mantle  is  a very  fine 
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white  light  closely  resembling  sunlight.  It 
may  also  be  burned  in  the  ordinary  open 
burner,  but  the  light  then  furnished  is  of  a 
very  inferior  quality.  The  advantages  of 
acetylene  as  an  illuminant  are  that  it  is 
cheap,  not  only  in  first  cost  and  in  instal- 
lation of  the  necessary  equipment,  but  also 
in  maintenance.  Its  disadvantages  are  that 
it  is  dangerous,  unless  handled  with  great 
care,  and  is  not  so  flexible  an  illuminant  as 
electricity. 

There  are  two  systems  by  which  acetylene  is 
used  as  an  illuminant.  One  of  these  is  known 
as  the  “ carbide-to-water  system,"  in  which 
the  carbide  in  rather  small  pieces  is  fed  into 
a reservoir  of  water.  It  is  advantageous  in 
that  there  will  always  be  an  excess  of  water, 
consequently  the  carbide  will  be  fully  utilized. 
Experience  has  shown  that  it  is  the  safest 
system,  and  practically  all  installations  are 
of  this  kind.  The  other  system  is  the  reverse 
of  this  the  water  is  fed  to  the  carbide;  it  is 
used  mainly  in  small  lamps,  such  as  bicycle 
lamps  and  the  like. 

As  mentioned  previously,  acetylene  is 
usually  burned  under  a mantle.  The  piping 


should  be  carefully  done,  pn  order  that  there 
may  be  no  waste  of  the  gas.  In  the  installa- 
tion of  an  acetylene  system,  every  precaution 
should  be  taken  to  eliminate  any  possibility 
of  an  accident.  When,  from  any  cause,  an 
excess  of  carbide  is  fed  in  the  generator,  unless 
some  sort  of  a safety  valve  is  provided,  the 
pressure  may  increase  to  such  an  extent  that 
spontaneous  ignition  will  occur,  with  a result- 
ing explosion.  Perhaps  the  safest  installa- 
tion is  that  made  in  a pit  at  some  distance 
from  the  residence  to  which  the  gas  is  to  be 
supplied.  If  such  a pit  be  properly  made  and 
adequately  protectea,  the  danger  in  the  use  of 
acetylene  will  be  practically  eliminated. 

Natural  gas.  Natural  gas,  though  occur- 
ring in  many  scattered  localities  through  the 
country,  is  not  a universal  illuminant.  In 
regions  which  are  so  fortunate  as  to  have 
natural  gas,  the  fullest  advantage  may  be 
taken  of  its  use.  since  it  is  normally  very 
cheap  indeed  and,  when  properly  handled,  is 
a very  efficient  form  of  light.  The  only  pre- 
caution to  be  taken  in  the  use  of  natural 
gas  is  to  make  the  pipe  installation  with  the 
greatest  care,  so  that  no  leakage  may  occur* 
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Electricity.  Electricity  for  illumination  storage  battery,  and  switchboard,  together 
may  be  derived  from  two  sources:  (1)  the  with  the  accompanying  wiring  system  by 
services  of  a regular  power  company,  and  (2)  which  the  current  is  carried  around  to  the 
an  isolated  system.  When  power-company  various  points  where  it  is  to  be  used.  The 
service  is  utilized,  the  rate  is  extremely  varied,  size  of  the  system  will  depend  upon  the  volt- 
depending  not  only  upon  the  original  cost  of  age  and  upon  the  current  required, 
the  production  of  current,  but  upon  the  dis-  Both  of  these  systems  have  been  fully 
tance  the  current  must  be  transferred  and  the  described  and  discussed  in  chapter  18  on 
amount  used.  Such  service,  when  supplied  “ Electricity  on  the  Farm.*’ 

by  a reliable  company,  is  decidedly  advan-  One  of  the  most  recent  developments  in 
tageous  and  has  many  points  to  commend  it.  the  way  of  isolated  electric-lighting  outfits 
unfortunately,  however,  everyone  is  not  consists  of  a combination  unit  with  all  the 
so  situated  as  to  be  able  to  take  advantage  of  essentials  of  the  isolated  system  included  in 
service  of  this  kind.  Recourse  must  then  be  such  a way  as  to  permit  of  an  automatic 
had  to  an  isolated  electric  system,  which  is  a operation.  When  the  engine  is  started,  it 
very  satisfactory  method  of  illumination,  drives  the  dynamo  as  a generator  and  forces 
This  consists  essentially  of  a generator,  a current  into  the  storage  battery.  As  soon  as 


Pig.  497.  Single-unit  acetylene  generator  which  should  be  buried  in  a concrete  pit  at  least  twenty  yards  from 
the  house.  (Minn.  Extension  Bulletin  58.) 
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the  voltage  of  the  storage  battery  shows  a 
certain  reduction,  a circuit  is  closed,  which 
directs  a current  into  the  dynamo,  operating 
it  as  a motor,  which,  in  turn,  starts  the  engine. 
As  soon  as  the  engine  is  running  under  its 
own  power,  it,  in  turn,  drives  the  dynamo 
as  a generator  and  the  recharging  of  the 
battery  occurs. 

Cost.  Investigations  conducted  at  the 


Kansas  State  Agricultural  College  show  that, 
neglecting  original  cost  and  depreciation,  the 
comparative  cost  of  operating  various  sys- 
tems of  lighting  for  80-candle-power  illumi- 
nation, is  as  follows:  Kerosene,  0.4  to  4 
cents;  gasoline,  0.25  cent;  acetylene,  1.25 
cents.  Electricity  power-company  service,  0.8 
cent;  in  isolated  plants,  1.33  cents;  city  gas, 
at  $1.40  per  thousand,  40  cents. 


Water  Supply 

On  the  great  majority  of  farms,  the  water  used  for  various  purposes  is  derived 
rather  from  wells  or  from  springs;  only  in  comparatively  rare  instances  is  it  ob- 
tained from  municipal  systems.  The  dangers  attendant  upon  the  use  of  cisterns, 
a pond  or  other  reservoir,  or  an  open  stream,  are  generally  recognized;  and  such 
sources  of  supply  are  usually  to  be  carefully  avoided. 


Springs.  Springs  are  generally  satisfac- 
tory sources  of  water  supply,  since  the  water 
obtained  from  them  seeps  through  many 
strata  of  soil  and  porous  rock,  which  act  as 
effective  filters.  They  are  of  fairly  wide 
distribution,  though  in  plains  regions  they, 
naturally,  are  scarce,  owing  to  the  fact  that 
their  origin  must  be  at  a considerably  higher 
level.  The  fact  that  a spring  flows  full  and 
clear  does  not  insure  purity,  however;  for 
springs  are  subject  to  contamination,  not  only 
at  their  origin,  but  by  coming  in  subterranean 
contact  with  other  contaminated  streams,  and 
at  their  outlet.  If  there  is  any  suspicion  as 
to  the  quality  of  spring  water,  it  should  be 


analyzed,  to  ascertain  whether  pollution 
exists  or  not.  The  origin  of  springs  should, 
as  far  as  possible,  be  carefully  examined. 

The  flowing  spring  itself  requires  careful 
protection,  to  insure  sanitaiy  operation.  A 

?ood  fence  surrounding  it  will  exclude  stock, 
t should  be  dug  out  and  walled  up  with 
stone  or  brick  masonry,  the  water  being  led 
into  the  pit  through  a screened  tile.  Perhaps 
a better  material  than  stone  or  brick  is  rein- 
forced concrete.  The  pit  should  be,  say,  3 
feet  square  and  2 or  3 feet  deep,  and  provided 
with  a cover  to  exclude  leaves  and  trash, 
which  so  often  pollute  a spring.  The  water 
may  be  conducted  to  the  house  through  pipes 


Fig.  498.  A badly  polluted  well  (fe/f).  an  all  too  common  sight  on  the  farm;  and  suggestions  astohowton-ot-r  n,-. 
dug  wells  (centre)  and  driven  wells  (right)  from  similar  trouble.  Concrete  is  invaluable  for  this  purt>j 
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Pig.  499.  Section  and  plan  of  a cistern  with  partition  filter  made  of  two  rows  of  brick  with  sand  between 


by  gravity,  if  the  spring  be  elevated  high 
enough;  otherwise,  a hydraulic  ram  may  be 
found  advantageous  (See  Chapter  16). 

Wells.  Wells  may  be  either  deep  or 
shallow,  a depth  of,  perhaps,  30  feet  being 
arbitrarily  taken  as  the  separating  point  be- 
tween the  two.  Deep  wells  are  usually 
bored  or  driven,  while  snallow  wells  are  more 
often  dug.  The  former  are  less  likely  to 
receive  contamination  than  the  latter,  on 
account  of  the  increased  depth  of  soil  through 
which  the  surface  water  must  filter  before 
striking  the  water-bearing  stratum. 

Fuller,  in  “Domestic  Water  Supplies  for 
the  Farm/'  gives  the  following  concise  des- 
cription of  wells: 

“Dug  wells  are  generally  circular  excava- 
tions 3 to  6 feet  in  diameter.  They  are 
adapted  to  localities  where  the  water  is  near 
the  surface,  especially  where  it  occurs  in 
small  seeps  in  clayey  materials,  and  requires 
extensive  storage  space  for  its  conservation. 
Bored  wells  are  wells  bored  with  various 
types  of  augers  from  2 inches  to  3 feet  in 
diameter  rotated  or  lifted  by  hand  or  horse- 
power. They  are  usually  lined  with  cement 
or  tile  sections  with  cemented  joints  and  often 
with  iron  tubing.  They  are  adapted  to 
localities  where  the  water  is  at  slight  or 
medium  depths  and 
to  materials  similar 
to  those  in  which 
open  wells  are  sunk. 
Punched  wells  are 
small  holes,  usually 
less  than  6 inches  in 
diameter,  sunk  by 
hand  or  horse-power 
by  dropping  a steel 
Fig.  500.  A small  concrete  cylinder  slit  at  the 
niter  that  can  be  used  to  gfde  so  as  to  haul  and 
purify  the  water  supply  of  T9 

any  farmhouse.  lift  materials  by  its 


spring.  They  are  adapted  to  clayey  material 
in  which  water  occurs  as  seeps  within  50  feet 
of  the  surface,  but  not  at  much  greater  depths. 
These  wells  should  also  be  lined  with  tile, 
iron  tubing,  or  sheet-iron  casing.  Driven 
wells  are  sunk  by  driving  downward,  by  hand 
or  horsepower  apparatus,  small  iron  tubes, 
usually  1J  to  4 inches  in  diameter  and  pro- 
vided with  point  and  screen.  They  are 
adapted  to  soft  and  fine  materials  especially 
to  sand  and  similar  porous  materials  carry- 
ing considerable  water  at  relatively  slight 
depths,  and  are  particularly  desirable  where 
the  upper  soil  is  likely  to  be  polluted. 

“Cemented  rock  or  brick  linings  protect 
the  well  from  pollution,  except  at  the  bottom, 
as  long  as  the  walls  are  not  cracked.  They 
also  prevent  the  entrance  of  sediments  and 
animals  and  do  not  impart  a taste  to  the  water. 
Iron  casings  are  used  m both  rock  ana  uncon- 
solidated materials.  They  are  usually  used 
in  deep  wells.  They  may  be  either  iron  tub- 
ing 1 to  4 inches  in  diameter,  or 'sheet-iron 
casings  4 to  16  inches  in  diameter,  with  snug 
joints.  They  are 
adapted  to  wells  of  all 
depths  in  which  water 
is  obtained  from  a 
stratum  below  the  cas- 
ing or  from  a stratum 
between  cased  sec- 
tions or  in  case  it  is 
decided  to  procure 
water  from  a number 
of  strata.” 

Wells  should  be 

given  a further  pro-  _ ervl  . , 

tection  from  noflu..  Fig.  501.  A simple, 
section  irom  pouu-  home-made  arrangement 

tion  by  surrounding  for  obtaining  water 

them  with  water-  ®nd  some  pressure  which. 

tierht  rurhq  in  »HHi-  °*  <******  increases  with 
ngm  euros,  in  aaai-  the  at  which  ^ 

tion  to  the  casings  or  barrels  are  placed 
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linings  mentioned  above,  and  covering  with 
a reinforced  concrete  cover,  which  should  be  6 
or  8 feet  square,  with  an  outward  slope  to 
cany  the  water  away  from  the  well.  It  is 
advisable  to  lay  a circle  of  tile  below  the  cir- 
cumference  of  this  cover,  into  which  the  sur 
face  water  may  seep,  flowing  away  through 
a conductor  tile  to  a con- 
nection with  a regular 
drain.  In  this  way  all  sur- 
face water  may  be  effectu- 
ally excluded. 

Amount  of  water  needed. 

In  households  where  an 
adequate  supply  of  water 
is  available  and  convenient, 
and  modem  pumping  sys- 
tems are  installed,  the 
consumption  of  water  is  sev- 
eral times  as  much  as  where 
a pump  is  the  only  means 
of  obtaining  it.  This  in  * 

itself  is  a fair  indication  of  fl I 

the  value  of  modem  sys-  $ * ™ | j 

terns.  Water  consumption  J j ? 

varies  with  the  climate,  the  I J $ | $ 

season  of  the  year,  the  ex-  | j | 

tent  of  various  household  § * || 

operations,  the  household  g } 
equipment,  the  number  of  | 

animals  on  the  farm,  and 
the  number  of  persons  in  the  household. 
Fair  estimates  of  the  amount  needed  per  day 
by  each  person  and  animal  are  as  follows: 
person,  30  gallons;  horse,  8 gallons;  cow,  8 
gallons;  hog,  2 gallons;  sheep,  2 gallons.  From 
this  it  is  evident  that  on  an  average  farmstead, 
with  6 persons  in  the  family,  and  with  stock 
consisting  of  30  head  of  cattle,  12  horses,  20 
hogs,  and  20  sheep,  nearly  600  gallons  of 
water  are  required  per  day;  this  should  be  in- 
creased, to  provide  for  extra  water  used  for 
lawn  sprinkling,  cleaning,  and  other  contin- 
gencies, by  at  least  10  per  cent. 

Pumps.  Two  kinds  of  pumps  are  com- 
monly used  in  farm  wells — tne  lift  pump  and 
the  force  pump.  In  the  for- 
mer, the  water  is  lifted  by  a 
piston  or  plunger  attached 
to  the  lower  end  of  the  pump 
rod.  Theoretically,  the  dis- 
tance which  a pump  of  this 
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kind  should  raise 
the  water  is  a little 
more  than|32  feet, 
a distance  equal  to 
a height  of  water- 
column  giving  a 
pressure  equal  to 
atmospheric  pres- 
sure; but  practical 
considerations  re- 
duce this  to  about 
25  feet. 

The  force  pump 
differs  from  the  lift 
pump  in  that  the 
raising  of  the  water 
is  done  by  exerting 
a pressure  upon  it 
with  the  plunger, 

FIG.  602.  The  simplest  the  height  to  which 
type  of  water  supply — a sink  tne  water  can  be 
pump  in  the  kitchen — is  far  raised  depending 
better  than  none  at  all  Up0n  the  amount 

of  pressure  exerted. 
Some  pumps  are  so  constructed  as  to  act 
either  as  lift  or  force  pumps  as  desired,  t 
Hydraulic  ram.  In  many  localities,  where 
a steady  flow  of  water  is  available  with  con- 
siderable fall,  the  hydraulic  ram  may  be  used 
to  excellent  advantage.  The  ram  wastes  a 
considerable  amount  of  water,  depending 
mainly  upon  the  height  at  which  it  must  be 
discharged,  or,  per-  - ^ /_-> 

haps  more  correctly,  \ 

upon  the  ratio  of  the 
depth  of  fall  to  the 
height  of  discharge. 

When  the  ram  is  oper- 
ating, water  flows 
through  the  drive  j 

pipe,  increasing  in  ~ Vv 

velocity  until  the  mo- 
mentum is  sufficient 

to  close  the  outlet  #=*  i ,/J‘l'  il» 

valve.  As  a result  f 
of  the  impact  of  the 

suddenly  stopped  ^ ^ when  the  .ink 
flow,  tne  discharge  is  some  distance  from  the 

valve  is  raised  and  a stove,  a faucet  on  the  boiler 

portion  of  the  water  gy*-,-  hand*  « «* 
is  forced  into  the  dis- 
charge pipe,  reducing  the  pressure  thereby 
and  consequently  allowing  the  discharge  valve 
to  fall  and  the  outlet  valve  to  open,  when  the 
cycle  is  again  repeated.  An  air  dome  is  usu- 
ally connected  to  the  discharge  pipe,  which 


Fig.  503.  The  steel  pres- 
sure tank  connected  with  a 
force  pump  which  can  be  oper- 
ated by  hand  or  connected  up 


ally  connected  to  the  discharge  pipe,  which 
provides  not  only  a cushion  to  relieve  sudden 
mechanical  strains,  but  equalizes  the  flow  at 
the  discharge  end  (see  Chapter  16). 

Elevated  tanks.  The  elevated-tank  system 
of  water  supply  is  a very  common  one,  being 
used  both  in  large  and  in  small  installations. 
It  consists  of  a tank,  located  either  on  a tower, 
on  an  elevation  of  the  ground,  or  in  the  top 
of  a building,  and  is  connected  by  properly 
arranged  piping  systems,  with  the  pump  from 


Digitized  by 


Googh 


862 


FARM  KNOWLEDGE 


Fig.  506.  The  pneumatic  pres- 
sure tank  system  run  by  gasoline 
engine  power*  is  a most  desirable 
equipment  fat  *the  farm. 

which  water  is  received,  and  with  the  build- 
ings to  which  water  is  delivered.  It  is  very 
simple  and  comparatively  inexpensive,  and 
delivers  water  at  a pressure  depending  upon 
the  difference  in  elevation  between  the  tank 
itself  and  the  point  of  delivery.  It  has  certain 
disadvantages,  however,  in  that  the  water 
stored  in  it  is  likely  to  freeze  in  winter  and  to 
become  stale  in  summer;  besides,  a number  of 
accidents  have  occurred  from  the  failure  of 
tank  supports. 

A force  pump  is  used  to  elevate  the  water 
into  the  tank,  which  should  be  equipped  with 
a gauge  or  overflow,  to  indicate  when  the 
tank  is  filled.  The  pump  may  be  operated 
by  hand;  but  when  the  tank  is  designed  to 
store  a supply  sufficient  for  several  days, 
some  sort  of  a power-driven  pump  is  prefer- 
able. The  pipes  conducting  the  water  to 
and  from  the  tanks  should  be  of  not  less  than 
1-inch  diameter.  Three-quarter-inch  pipe  is 
sometimes  used;  but  the  friction  loss  is  so 
great  in  the  small  pipe  that  it  is  much  better 
to  use  the  larger  size,  which  costs  only  a little 
more  originally,  and  is  no  more  expensive  to 
install.  The  tank  itself  may  be  of  wood  or 
metal,  preferably  the  latter;  and, 
where  possible,  as  is  the  case  when 
the  tank  is  installed  on  a hill,  it  is 
best  to  make  it  of  reinforced  and 
waterproofed  concrete. 

Hydropneumatic  system.  In  an 
attempt  to  produce  a water  supply 
system  that  would  furnish  an  ade- 
quate supply  of  water  under  good 
pressure  and  yet  eliminate  the  bad 
features  of  the  elevated  tank,  the 
hydropneumatic  system  was 
evolved.  Essentially,  it  consists  of 
a powerful  force  pump,  an  airtight 
tank,  and  a distribution  system. 

With  all  outlets  closed,  water  is 
pumped  into  the  tank,  compressing 
the  air  contained  therein  until  the 
desired  pressure  is  obtained.  Then, 
when  any  faucet  on  the  distribute 
system  is  opened,  the  compress 
air  expands,  and  forces  the  water 
out  through  the  opening.  Of  course, 


all  water  pipes  are  taken  off  at  the  bottom  of 
the  tank. 

Usually,  the  pump  is  of  the  duplex  type, 
and  can  pump  either  air  or  water  or  both. 
This  is  desirable;  for  it  sometimes  happens 
that  long  use  of  the  tank  will  deplete  the  air 
within  the  tank,  and  an  additional  supply 
must  be  furnished.  Then,  too,  it  is  some- 
times desirable  to  increase  the  pressure  within 
the  tank,  in  order  to  have  available  a large 
quantity  of  stored  water  at  a higher  pressure. 
The  usual  pressure  carried  in  the  tank  is  not 
to  exceed  100  pounds  gauge,  70  to  80  pounds 
being  common.  The  pressure  decreases  as 
the  water  is  drawn  off,  until,  when  the  tank 
is  empty,  it  is  practically  nothing.  In  the 
majority  of  installations,  the  pump  is  power- 
driven,  using  either  gasoline  or  electricity 
with  automatic  shut-off;  but  it  is  practicable 
to  have  hand-  or  windmill-operated  pumps, 
especially  for  less  expensive  outfits. 

The  tank  is  generally  located  in  the  base- 
ment of  the  residence,  where  there  is  no  danger 
of  freezing,  and  where  the  stored  water  is  kept 
reasonably  cool.  From  75  to  80  per  cent  of 
the  total  capacity  of  the  tank  is  used  for  water 
storage,  the  remaining  space  being  utilized 
by  the  compressed  air.  A tank  of  from  1,200 
to  1,500  gallons  capacity  will  hold  several 
days’  supply  of  water  for  household  use, 
exclusive  of  stock  requirements. 

Pneumatic  system.  The  difference  be- 
tween the  pneumatic  system  and  the  hydro- 
pneumatic system  lies  in  the  fact  that  the 
former  does  not  provide  for  the  tank  storage 


but  complete  fa 
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Fig.  507.  No  wonder  girls  left  the  farm  when  house- 
keeping meant  drudgery  like  this  and  worse — 


of  water,  but  for  compressed  air  exclusively. 
The  elements  of  the  pneumatic  system  com- 
prise an  airpump,  a tank  for  compressed-air 
storage,  an  automatic  pump,  and  a distrib- 
uting system.  The  air  is  compressd  by  the 
pump  to  a pressure  generally  slightly  exceed- 
ing 100  pounds  gauge  and  stored  in  the  air- 
tight tank.  Thence  a pipe  leads  to  the  auto- 
matic pump,  which  is  a double  cylinder  con- 
trivance with  valves  so  arranged  that  when  it 
is  submerged  in  the  well  or  cistern,  one  of  the 
cylinders  is  filled  with  water  by  external  at- 
mospheric pressure.  As  soon  as  the  filling 
is  accomplished,  the  compressed  air  is  auto- 
matically released,  to  exert  pressure  upon  the 
water  in  this  cylinder,  driving  it  through  the 
water  mains,  while  cylinder  Number  2 is 
filling  with  water.  When  Number  1 is  empty 


Fig.  508.  Especially  when  simple,  inexpensive  plumbing 
can  make  a kitchen  as  convenient  and  pleasant  as  this 


and  Number  2 is  filled,  the  action  is  reversed, 
the  water  in  the  latter  being  forced  out  by  the 
compressed  air. 

This  system  is  the  most  recently  developed 
of  all  water-supply  systems,  and  possesses 
many  advantages.  It  may  be  used  either  in 
dug  or  in  bored  wells,  successful  operation 
being  obtained  with  the  pump  located  even 
as  deep  as  125  feet.  The  only  places  that 
wear  occurs  are  in  the  air  pump  and  in  the 
automatic  pump,  but  in  both  cases  the  worn 
parts  are  replaceable.  No  water  is  stored, 
to  freeze  or  grow  stale,  and  a constant  supply 
is  possible,  the  only  attention  that  is  required 
being  that  involved  in  maintaining  the  air 
pressure  in  the  compressed-air  tank;  and,  with 
an  electrically  operated  air  pump,  even  this 
may  be  automatically  controlled. 
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Pig.  510.  A simple  plumbing  outfit  for  the  farm. 
Pressure  is  obtained  by  locating  the  supply  tank  in  the 
attic,  and  filling  it  by  means  of  a hand  force  pump.  Hot 
water  pipes  are  shown  in  black. 


Plumbing 

The  words  "plumbing”  and 
"plumber”  have  tneir  origin  in  the 
Latin  word  for  lead  ( plumbum ) since 
early  workers  in  pipe  used  lead  exten- 
sively. Later  development  has,  to  a 
great  extent,  eliminated  lead  from 
plumbing  work,  though  in  certain  places 
a satisfactory  substitute  for  it  has  not 
been  found.  Modem  plumbing  fixtures 
quite  generally  consist  of  brass  or  steel 
pipe,  usually  nickel-plated;  and  it  is 
only  in  occasional  instances  that  lead 
pipe  is  used. 

Though  the  journeyman  plumber 
has  an  elaborate  list  of  items  in  his 
equipment,  it  is  possible  for  an  ama- 
teur to  accomplish  simple  plumbing 
successfully  with  only  a few  tools. 
Fortunately  for  the  latter,  manufac- 
turers are  now  making  fixtures  which 
may  be  connected  with  the  piping  sys- 
tem by  means  of  simple  unions  of  vari- 
ous kinds,  so  that  he  does  not  need  to 
know  how  to  make  a "wiped”  joint,  a 
knowledge  of  which  constituted  a stan- 
dard test  for  the  early  plumber.  A 
pipe  wrench,  a pipe  vise,  a cutter,  a 
reamer,  a rule,  a diestock  and  dies,  and 
some  white  lead  ’should,  when  com- 
bined with  ordinary  skill,  be  sufficient 


to  accomplish  ordinary  work  in  simple 
installations. 

Terms  Used  in  Plumbing  and  Their 
Meanings 

Soil  fixtures.  Fixtures  which  re- 
2 ceive  human  discharges;  they  include 
water-cloeets,  urinals,  and  sometimes 
slop  sinks. 

Soil  pipe.  The  pipe  connecting  a 
soil  fixture  with  the  soil  stack. 

Soil  stack.  The  vertical  pipe  into 
which  soil  fixtures,  such  as  closets 
and  urinals,  discharge. 

Trap.  An  arrangement  provid- 
ing a water  seal  separating  the  interior 
of  the  house  from  the  discharge  por- 

Ction  of  the 
plumbing 
s y s tem. 

The  trap  is 
an  essential 
part  of  every  fixture, 
for  it  prevents  sewer 
gas  from  entering  the 
house. 


U^nrilmthn 


Fig.  511.  Complete  waste  disposal  system  that 
can  be  connected  up  with  a community  sewage  system 
or  a septic  tank  as  shown. 
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Fig.  512.  Somewhat  more  elaborate 
plumbing  system  than  that  in  Fig.  510; 
in  this  case  the  water  tank  is  on  the  third 
floor  and  the  bathroom,  complete,  on  the 
second.  Sinks,  tubs,  etc.,  are  connected 
with  a single  soil  pipe  requiring  a sewage 
disposal  equipment. 


The  connecting 
fixtures  and  the 


Vent  pipe, 
pipe  between 
vent  stack. 

Vent  stack.  A vertical  pipe, 
connecting  with  the  outer  air, 
into  which  vent  pipes  discharge. 

Waste  fixtures.  Plumbing  fix- 
tures, such  as  lavatories,  tubs, 
sinks,  etc.,  which  do  not  receive 
any  human  discharge. 

Waste  pipe.  The 
pipe  connecting  a 
waste  fixture  with  the 
waste  stack. 

Waste  stack.  The 
vertical  pipe  into 
which  waste  fixtures 
discharge. 


Systems  of  plumbing.  Two  systems  of 
plumbing  are  in  common  use — the  single-pipe 
system  and  the  2-pipe  system.  In  the  former, 
1 pipe  is  used  both  as  a combined  waste  pipe 
and  soil  pipe  and  as  a vent  stack;  it  is  almost 
universally  used  in  residence  installations. 
The  2-pipe  system  provides  1 pipe  for  dis- 
charging and  a separate  one  for  a vent  stack. 
While  theoretically  more  nearly  ideal  than 
the  1-pipe  system,  it  is  more  expensive  and 
not  so  practical.  Separate  waste,  soil,  and 
vent  stacks  are  rarely  used  in  residences. 

When  the  single-pipe  system  is  used,  it  is 
well  to  use  drum  traps  instead  of  the  ordinary 
bent  pipes  for  traps,  since  the  latter  are  subject 
to  siphonage,  resulting  from  the  aspiratory 
effect  of  a large  volume  of  water  being  dis- 
charged down  the  waste  pipe,  as  when  a 
closet  is  flushed.  The  seal  in  traps  may  fail 
from  other  causes,  such  as  evaporation,  cap- 
illary action  when  a string  or  piece  of  cloth 
catches  on  the  discharge  lip  of  the  trap,  or 
other  accidental  occurrences. 

Fixtures.  Plumbing  fixtures  vary  in  the 
material  used  in  their  manufacture.  Bath- 
tubs may  be  made  of  solid  vitreous  ware, 
which  is  exceedingly  handsome  and  durable, 
but  expensive.  Just  as  serviceable  ones 
may  be  made  at  a much  lower  cost  of  heavy, 
stamped  sheet  iron,  porcelain-enameled  on 
the  inside  and  painted  or  enameled  on  the 
outside.  The  same  is  true  of  lavatories. 
Sinks  are  usually  made  of  enameled,  iron, 
though  more  expensive  installations  some- 
times include  earthenware  slop  sinks.  Laun- 
dry tubs  are  almost  always  of  plain  soapstone. 
Made  of  this  material,  they  are  more  durable 
and  not  so  likely  to  become  damaged  as  those 
of  enameled  iron.  Water-closets  are  generally 
manufactured  of  vitreous  ware,  their  complex 
shape  precluding  the  possibility  of  stamping 
or  enameling;  and,  besides,  there 
must  be  no  danger  of  their  becom- 
ing insanitary  as  a result  of  chip- 
ping, (which 
would  be  likely 
in  the  case  of 
enameled  metal. 

For  sanitary 
reasons,  plumb- 
ing  fixtures 
should  be  as 
simple  in  design 


Fig.  513.  A system  quite  similar  to  that  shown  above,  but  in  which  water 
pressure  is  obtained  from  a pneumatic  tank  filled  by  means  of  a hand-power 
force  pun 


pump. 
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Fig.  514.  Commonest  types  of  valves  used  in  heat- 
ing and  plumbing  work:  a,  globe;  b,  angle;  c,  cross; 
4 straightway  or  gate. 


as  possible.  The  surfaces  should  be  smooth, 
sp  as  to  admit  of  easy  cleaning;  and  no  acid 
or  substances  containing  acids  should  be  used 
on  them.  The  water-closet,  especially,  should 
be  simple  and  perfect  in  construction,  should 
contain  no  movable  parts,  and  should  be  fur- 
nished with  a flange  by  which  an  absolutely 
perfect  joint  may  be  made  with  the  soil  pipe. 


Two  types  of  closets  are  to  be  recommended 
— the  “wash-down”  and  the  “siphon-jet.” 
Of  these  the  former  is  the  cheaper;  the  latter 
is  a newer  development  and  has  the  advantage 
of  a rapid  and  an  almost  noiseless  flushing. 

Pipe.  Heavy  cast  iron  pipe,  not  less  than 
4 inches  in  diameter,  is  used  for  soil  stacks 
and  for  connection  to  the  sewage-disposal 
installation.  Lighter  steel  pipe,  not  less  than 
1}  inches  in  diameter,  may  be  used  for  fix- 
tures other  than  the  water-closet.  Care 
must  be  taken  to  have  the  waste  pipes  at 
least  as  large  as  the  outlet  of  the  fixture. 

In  fitting  pipe,  measurements  should  be 
made  carefully,  consideration  being  given  to 
the  length  of  thread,  or  distance  wlncm  a pipe 
will  screw  into  the  fitting.  Standard  dies 
are  made  with  the  thickness  of  the  die  equal 
to  the  proper  length  of  thread.  White  lead  is 
used  to  insure  a tight  joint,  it  being  spread 
on  the  external,  not  on  the  internal  thread, 
before  parts  are  screwed  together.  The  use 
of  a wheel  cutter  in  cutting  pipe  leaves  a 
thin  rim  or  burr  extending  into  the  pipe  and 
reducing  its  cross  section.  This  burr  should 
be  carefully  removed  with  the  reamer  as  soon 
as  the  pipe  is  cut. 

Requirements.  The  requirements  of  a 
good  plumbing  installation  may  be  summar- 
ized as  follows: 

The  fixtures  must  be  simple  in  construction 
and  action,  made  of  good  materials,  and 
sightly  in  appearance. 

Tight  joints  must  be  made,  to  prevent 
leakage  of  water,  waste,  or  sewer  gas.  Every 
fixture  must  be  provided  with  an  effective 
trap  which  can  be  easily  cleaned.  Pipes 
must  have  sufficient  slope  to  insure  a rapid, 
self-flushing  flow.  Provision  must  be  made 
for  cleaning  every  part  of  the  system,  espec- 
ially soil  and  waste  pipes  that  may  become 
clogged. 

Care  in  installation  and  an  occasional  in- 
spection are  necessary,  if  continuously  satis- 
factory operation  is  to  be  secured. 


Sewage  Disposal 

Sewage  may  be  defined  as  waste  matter,  either  excretory 
or  fecal  matter  or  slops,  discharged  through  a system  of  pipes 
known  as  a sewage  system.  Farm  sewage  may  be  of 
human  or  of  animal  origin,  or  a product  of  cleansing  opera- 
tions in  the  household,  or  waste  from  the  milkroom  or  dairy. 

The  proper  disposal  of  sewage  is  of  prime  importance, 
for  several  reasons.  In  the  first  place,  sanitation  requires  its 
removal;  for  sewage  may  contain  elements  exceedingly  dan- 
gerous to  the  health  of  individuals  or  to  the  community  at 
large.  In  the  second  place,  sewage  contains  much  that  is 
given  off  during  the  process  of  putrefaction.  Finally,  com-  f,0.  sis.  one  of  the 
mon  decency  requires  that  no  offensive  materials  be  al-  SSSrfof°S^n*IeS£ 
lowed  to  accumulate  in  the  radon  of  the  household  or  dhponi.  muring  «££ 

fn-nr.4-.nn.rl  protection  of  the  health  of 

farmstead.  family  and  neighbors. 
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The  development  of  rural  sewage-disposal  systems  has  been  remarkably 
rapid  in  recent  years;  and  it  is  now  entirely  possible  to  dispose  of  sewage  in  a 
clean,  satisfactory,  and  scientific  manner  with  as  much  success  as  accompanies 
the  disposal  of  city  sewage.  So  far  as  the  plumbing  installation  is  concerned,  it 
is  the  same  in  both  the  city  and  the  country  homes;  but  no  street  sewer  is  available 
in  the  country,  as  in  the  city,  and  other  outlets  for  discharge  must  be  found. 

Many  dwellings  are  not  equipped  with  a water  supply  and  plumbing  system 
which  permit  of  the  use  of  a liquid  carrier  for  wastes.  It  may  be  impracticable, 
on  the  score  of  economy  or  for  other  reasons,  to  make  such  an  installation;  and, 
in  such  a case,  special  methods  must  be  adopted  to  get  rid  of  wastes. 


Household  wastes.  It  is  possible  to  dis- 
pose of  waste  from  the  kitchen  and  laundry 
in  a satisfactory  manner,  if  occasional  care  be 
given  to  the  installation.  The  simplest  way 
is,  of  course,  to  pour  it  upon  loose,  porous 
soil,  in  different  places  successively;  but  this 
may  result  in  supersaturation,  or  “water- 
logging,” of  the  soil,  and  in  summer  time 
may  produce  a feeding  ground  for  flies.  A 
plan  to  be  more  recommended  is  to  employ 
subsurface  irrigation,  pouring  the  wastes 
out  into  a system  of  tile  laid  with  loose  joints, 
from  which  it  seeps  out  and  percolates  through 
the  soil  to  another  system  of  similar  tile  laid 
18  to  20  inches  lower,  from  which  it  is  carried 
away.  Such  a system  may  be  made  to  fur- 
nish some  moisture  to  a small  garden,  or 
portions  of  it,  without  harm.  All  liquid 
waste,  from  dishwashing,  cooking,  or  laundry 
and  cleaning  operations,  may  be  discharged 
into  the  tile. 

Privies.  Where  a water-borne  sewage 
system  is  not  practical,  some  special  means 
must  be  devised  to 


dispose  of  human  ex- 
cremental  material. 
The  privy  as  it  is 
too  commonly  built 
is  to  be  abhorred: 
it  is  insanitary,  offen- 
sive, ugly,  and  some- 
times positively 
dangerous.  It  may 
contaminate  water 
supplies,  and  it  af- 
fords an  ideal  breed- 
ing ground  for  flies. 
With  proper  con- 
struction and 
supervision, however, 
it  may  be  made  an 


Fig.  517.  Septic  tank  principles  applied  to  a simple 

Erivy  vault.  There  is  no  reason  why  any  farm  should 
e without  at  least  this  degree  of  convenience. 

acceptable  and  reasonably  satisfactory  agent 
in  human  sewage  disposal.  It  should  be  well 
built,  with  adequate  ventilation  and  with  all 
openings  carefully  screened  to  exclude  flies. 

The  excrement  may  be  taken  care  of  in  2 
ways — (1)  by  the  dry  method,  which  is  the 


Septic  fbnk 


Fig.  516.  Complete  sewage  system  making  use  of  the  one-chamber  type  of  septic  tank  which  discharges 
into  a line  of  purifying  tile  run  under  the  garden  or  lawn 
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simpler,  but  requires  constant  attention,  and 
(2)  by  the  wet  method  which  is  more  or  less 
automatic  and  requires  attention  only  at 
intervals.  In  the  former  a receptacle  is 
provided  which  receives  both  the  fecal  matter 
and  the  mine;  and  each  time  the  privy  is  used 
a small  quantity  of  dry,  fine  earth  or  ashes  or 
fresh-slaked  lime  is  sprinkled  over  the  deposit, 
to  deodorize  it.  The  receptacle  must  be 
watched  and  removed  when  necessary,  the 
contents  being  buried  in  the  soil  at  some 
place  from  which  no  harmful  contamination 
can  occur.  Sometimes  the  receptacle  is  not 
entirely  closed  at  the  bottom,  so  that  the 
urine  may  drain  away,  then  to  be  carried  to 
an  underground  system  of  loose  tile,  and  ab- 
sorbed into  the  soil. 

The  second  method  of  equipping  a sanitary 
privy  with  some  means  of  liquid  disposal  may 
be  carried  out  in  one  of  several  ways.  The 
simplest  is  to  place  a rather  large  receptacle 
below  the  seat,  the  receptacle  to  be  filled 
perhaps  half  full  of  water,  which  may  or  may 
not  be  supplied  with  some  disinfecting  agent; 
when  necessary,  the  receptacle  is  removed 
and  emptied  in  some  safe  place.  A better 
but  somewhat  more  elaborate  method  is  to 
build  a small  water-tight  chamber  below  the 
seat,  in  which  septic  action,  to  be  described 
subsequently,  may  take  place. 

In  construction,  a sanitary  privy  should  be, 
perhaps,  4 feet  square,  with  tight  walls, 
which  may,  if  so  desired,  be  built  double  to 
afford  insulation  from  cold.  The  rear  wall 
below  the  seat  is  provided  with  a hinged  door, 
to  facilitate  the  removal  of  containers;  and 
the  close  and  careful  fitting  of  this  door  is 
important.  Sometimes,  such  a privy  is 
located  adjacent  to  the  house,  and  communi- 
cation is  made  between  the  two  by  means  of  a 
vestibule,  or,  less  to  be  recommended,  directly 
through  a door. 

Sewage  disposal  by  bacterial  action.  The 
most  satisfactory  method  devised  for  sewage 
treatment  makes  use  of  bacterial  action  in 
accomplishing  its  reduction.  Briefly,  this 
action  is  as  follows:  Three  kinds  of  bacteria 
operate  in  the  disposal  of  sewage:  aerobic 
bacteria  which  require  the  presence  of  oxygen 
for  their  existence;  anaerobic  bacteria  which 
die  in  the  presence  of  oxygen,  and  can  work 


Fig.  518.  Sewage  tile  laid  incorrectly  (above)  and 
correctly  (below).  The  interior  course  must  be  smooth 
and  unbroken. 


only  where  it  is  entirely  excluded;  and'faculta- 
tive  bacteria,  which  five  and  operate  under 
either  of  the  above  conditions. 

When  sewage  is  discharged  into  a retention 
chamber,  it  is  first  subjected  to  the  action 
of  the  anaerobic  bacteria;  liquefaction  to  a 
certain  degree  occurs,  the  suspended  organic 
matter  breaking  up  into  liquid  and  gaseous 
compounds  with  a slight  precipitation  of 
insoluble  matter  or  sludge.  The  product  of 
this  decomposition  is  then  carried  out  into  the 
soil,  which  contains  a certain  amount  of  air 
and  in  which  the  aerobic  bacteria  can  live 
and  work.  Here  the  sewage  is  purified  by 
the  oxidation  of  the  decomposed  compounds, 
rendering  them  usable  as  plant  food.  The 
facultative  bacteria  operate  mainly  in  the 
first  stage  of  the  reduction. 

Cesspools.  The  cesspool  occupies  a rather 
anomalous  position  in  the  field  of  sewage 
disposal.  It  usually  consists  of  a simple  pit 
loosely  lined  with  brick  or  stone.  Sewage  is 
discharged  into  it  directly,  and  it  is  evident 
that  there  will  result  an  overlapping  of  re- 
duction processes.  Since  the  sewage  will 
not  be  absorbed  immediately,  some  anaerobic 
action  is  likely  to  occur,  while  that  portion 
absorbed  into  the  surrounding  soil  will  be 
subjected  to  oxidation  by  aerobic  bacteria. 
However,  neither  action  will  be  even  approxi- 
mately complete. 

The  cesspool  may  operate  with  apparent 
success  for  an  extended  period;  but  sooner  or 
later  it  will  fail,  owing  to  the  soil  surrounding 
it  becoming  water-logged  and  thus  preventing 
aerobic  action.  Often,  especially  if  the 
location  of  the  cesspool  be  in  very  sandy, 
porous  soil,  it  may  operate  well  for  years; 
but  it  is  never  safe,  for  the  teachings  from 
it  are  likely  to  be  transmitted  into  strata  from 
which  the  water  supply  is  drawn.  The  cess- 
pool is  never  to  be  recommended,  except  as  a 
last  resort. 

Septic  tanks.  The  septic  tank  is  simply 
an  elaborated  cesspool  in  which  provision  is 
made  for  the  proper  accomplishment  of  the 
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close  soils,  it  may  be  necessary  to 
surround  the  tile  with  loose  gravel, 
for  the  purpose  of  more  rapid  and 
complete  absorption.  The  pro- 
portion of  tile  to  the  quantity  of 
effluent  discharged  should  be  about 
1 foot  to  3 to  5 gallons  of  effluent, 
depending  upon  the  character  of 
the  soil.  It  might  be  supposed, 
from  the  shallowness  of  the  soil 
above  the  tile,  that  the  effluent 
would  freeze;  but  experience  indi- 
cates the  contrary. 

A septic  tank  will  not  begin  to 
operate  satisfactorily  until  the  sep- 
tic chamber  is  filled;  and  even 
then  it  may  be  necessary  to  inocu- 
late it  with  anaerobic  bacterial 
cultures  from  another  tank  or  cess- 
pool, to  correct  the  “sick”  condi- 
tion. A thick,  heavy  scum  on  the 


tor  v/ert. 

Fig.  520.  Two-chamber  septic  tank  with  automatic  siphon  which 
periodically  empties  the  smaller  chamber.  The  liquid  leaving  such  a 
tank  is  practically  harmless. 


bacterial  reduction  of  sewage.  In  its  most 
elementary  form,  it  consists  of  a water-tight 
chamber  of  sufficient  size  to  insure  the  reten- 
tion of  sewage  for  at  least  48  hours,  with  a 
baffled  inlet  and  outlet  and  a provision  for 
the  disposal  of  the  effluent  from  this  chamber. 
A better  and  more  satisfactory  form,  and  one 
which  is  more  generally  built,  combines 
with  the  first  chamber  a second  one  in  which 
is  located  an  automatic  siphon  for  the  inter- 
mittent discharge  of  sewage,  which  prevents 
the  soil  from  becoming  water-logged.  The 
decomposition  of  organic  material  is  effected 
in  the  first  chamber;  the  second  stage,  or 
oxidation,  occurs  in  the  subsurface  distribution 
system  into  which  the  siphon  discharges  the 
liquefied  sewage. 

For  an  average  family  of  8 persons,  the 
first  chamber,  or  septic  tank,  should  be  4 feet 
wide,  6|  feet  long,  and  4 feet  deep.  The 
second  chamber  should  be  4 feet  square,  with 
a minimum  depth  of  2J  feet;  and  a 3-inch 
siphon  should  be  used.  The  effective  depth 
of  sewage  in  the  septic  tank  is  only  3 feet, 
because  of  the  inlet  and  outlet  pipes;  so  that 
care  must  be  taken  that  this  is  not  materially 
diminished  as  a result  of  sludge  accumulation. 

Proper  arrangement  of  the  irrigation  system 
to  receive  the  effluent  from  the  septic  tank  is 
necessary  for  successful  operation.  True, 
in  some  cases,  the  effluent  is  discharged  upon 
the  surface  or  in  shallow  trenches  if  the  soil 
be  porous;  but  this  may  ultimately  prove 
undesirable.  The  subsurface  method  is  much 
to  be  preferred.  It  consists  of  3-  or  4-inch 
ordinary  agricultural  tile,  laid  with  open 
joints,  at  a depth  of  not  exceeding  18  inches. 
The  joints  are  protected  by  coverings  con- 
sisting of  pieces  of  broken  tile,  to  prevent 
earth  from  falling  in.  In  some  especially 


surface  usually  indicates  good  ope- 
bon  which  ration,  and  this  should  be  disturbed 
ing  such  a ^ little  as  possible;  the  inlet  and 
outlet  should  be  protected  by 
baffles,  so  that  any  discharges  into 
or  from  the  tank  will  not  affect  the  scum. 
Often,  a septic  tank  will  operate  well  for  years 
without  any  attention;  but  occasionally  it 
may  be  necessary  to  remove  sludge  accumula- 
tions or  to  clean  the  siphon  and  discharge  pipe. 

It  must  be  remembered  that  the  reduction 
of  sewage  by  this  method  may  not  be  abso- 
lutely complete,  nor  is  it  certain  that  all  dis- 
ease germs  will  be  destroyed;  consequently, 
reasonable  care  should  be  given  to  the  tank 
and  to  the  subsurface  system,  in  order  that 
no  harmful  results  may  occur. 

Creamery  sewage.  The  disposal  of  wastes 
from  a cheese  factory  or  any  milk-handling 
or  daily  manufacturing  establishment  is  one 
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Fig.  521.  Lengthwise  section  and  plan  of  a single- 
chamber  septic  tank.  If  the  discharge  can  be  run  out 
into  a sandy  or  gravelly  soil,  it  is  entirely  satisfactory, 
but  in  any  case  the  accumulated  sediment  or  sludge  must 
occasionally  be  removed. 
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Fig.  522.  Before  (left)  and  after  (right)  the  coming  of  modern  plumbing  and  a sewage  system  to  the  average  farm 
home.  Inconvenience,  endless  daily  chores  and  personal  carelessness  give  way  to  greater  comfort,  less  labor  and  better 
health  and  habits  when  such  a change  occurs 


of  the  most  vital  factors  in  its  installation. 
Quite  often  it  is  impossible  to  connect  with  a 
city  sewer  system,  and  no  large  stream  of  suf- 
ficient steady  annual  flow  is  available  to 
afford  adequate  dilution;  the  or- 
dinary household  septic  tank 
just  described  cannot  adequately 
meet  the  demands  for  Bewage 
disposal  from  a creamery  or  simi- 
lar building. 

Creamery  sewage  differs  from 
ordinary  sewage  in  that  it  con- 
tains curd,  butter  fat,  oils,  and 
considerable  lactic  acid,  resulting 
from  the  cleansing  of  milk  uten- 
sils and  dairy  product  machines; 
and  decomposition  is  somewhat 
slow.  The  tendency  of  lactic  add 
to  retard  or  suppress  bacterial 
action  is  so  great  that  every 
effort  should  be  made  to  re- 
duce its  quantity,  and  to  ex- 
clude as  much  as  possible  from  the  septic 
tank. 

It  is  recommended  that  creamery  sewage 
be  allowed  to  remain  in  the  septic  tank  for  a 
minimum  of  3 days;  a longer  period  being 
advisable,  but  necessitating  a larger  and  con- 
sequently more  expensive  tank.  Practice 


indicates  that  from  1 to  1}  gallons  of  sewage 
results  from  the  production  of  1 pound  of 
butter,  so  that  it  is  evident  that,  even  in  an  or- 
dinary small  creamery  of  1,000  pounds  butter 
output,  a much  larger  tank  is 
necessary  than  for  simple  house- 
hold requirements. 

A sewage-disposal  system  for  a 
creamery  is  constructed  on  prac- 
tically the  same  prindple  as  for 
any  other  purpose,  the  main  vari- 
ations occurring  in  the  size  of  the 
tank  and  in  the  method  of  car- 
ing for  the  effluent  from  the  sep- 
tic tank  proper.  The  ordinary 
subsurface  irrigation  system  is 
usually  inadequate,  and  a special 
filter  bed  of  porous  material  may 
be  provided.  For  a 1,000-pound 
capacity  butter  manufacturing 
plant,  a septic  tank  of  approxi- 
mately 600  cubic  feet  content 
^ will  be  necessary;  allowing  for  a 2-foot  depth 
~ of  scum  and  sludge,  a tank  7 feet  deep,  6 
feet  wide,  and  20  feet  long,  is  required.  The 
filter  bed  should  have  ail  area  of  approxi- 
mately 2 square  feet  per  gallon  of  effluent, 
or  about  3,000  square  feet— say,  30  feet  wide 
and  100  feet  long. 


Fig.  412.  Types  of  waste 
traps:  a S-type;  b half-Sor 
P-type:  c running  trap:  d 
drum  or  non-siphon  type.  In 
each  case  the  object  is  to  pre- 
vent, the  return  of  impure 
gases  from  the  sewage  system 


Fig.  514.  Looking  into  a partly  finished  concrete,  two-chamber 
septic  tank.  The  iron  rods  wiil  be  bent  (over  to  help  reinforce  the 
concrete  cover.  Note  in  the  right-hand  chamber  the  siphon,  which 
empties  it  as  often  as  it  becomes  full,  and  thus  gives  the  sewage  the 
longest  possible  time  to  decay  and  purify  under  the  action  of  bacteria 
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CHAPTER  32 


Farm  Buildings:  Their  Construction 

By  H.  H.  Niemann  ( see  Chapter  29),  whose  training  and  experience  for  a number  of  years  have 
equipped  him  to  design  farm  buildings , plan  their  location , arrangement  and  construction  details, 
and  superintend  their  erection  from  Hie  basement  to  the  weather  vane . In  discussing  the  farm 
group , he  naturally  included  some  consideration  of  that  essential  feature — the  farm  house . In  this 
chapter  he  restricts  himself  to  the  discussion  of  farm  work  buildings,  or  rather  the  principles  of  con- 
struction that  are  common  to  all  of  them . The  particular  features  and  requirements  of  special  types 
of  houses  planned  for  special  purposes  are  treated  in  the  chapters  immediately  following. — Editor. 

BEFORE  one  can  decide  what  kind  of  materials  are  best  for,  or  what  particular 
type  of  construction  to  adopt  in,  the  erection  of  a farm  building,  the  re- 
quirements of  the  structure  must  first  carefully  be  considered.  Sometimes  it  is 
not  practical  to  arrange  and  construct  the  contemplated  building  so  as  to  fulfill 
all  of  these.  In  such  cases  the  builder  must  be  his  own  judge  in  making  a selec- 
tion. 


Requirements  of  Good  Farm  Buildings 

Keep  contents  of  barn  dry.  The  first  requirement  of  any  farm  building  is 
that  it  shall  keep  out  rain  and  dampness.  Animals  must  be  kept  dry  to  keep 
them  warm;  foodstuffs  must  be  kept  dry  to  prevent  mold;  and  tools  and  imple- 
ments must  be  kept  dry  to  prevent  rusting. 

Keeping  the  animals  warm  and  dry  will  save  a considerable  portion  of  their 
energy.  Keeping  mold,  mildew,  and  fermentation  out  of  grain,  hay,  feed,  and 
other  crops  by  storing  them  in  a dry  bam  is  very  important.  Rust  and  corro- 
sion in  implements,  tools,  and  vehicles  can  be  most  economically  prevented  by 
keeping  them  in  a dry  building. 

Pure  air,  proper  temperature,  and  good  light  essential.  Pure  air  is  as  essen- 
tial as  food  tor  the  well-being  of  animals.  In  fact,  all  animals  require  more 
pounds  of  air  per  day  than  they  do  of  food  and  water  combined. 

Air  once  breathed  is  not  only  full  of  prison ; but  is  saturated  with  moisture. 
Unless  proper  ventilation  is  provided,  this  moisture  will  soon  increase  the  hu- 
midity of  the  air  in  a bam  to  such  an  extent  that  water  will  drop  from  the  ceiling 
and  run  down  the  side  walls. 

In  a warmly  built  bam,  a smaller  amount  of  the  food  consumed  by  the  live- 
stock is  used  to  produce  heat,  and  a greater  amount  for  the  production  of  meat  or 
milk,  tending  to  convert  the  boarder  cow  into  a profitable  producer. 

In  order  to  keep  milk  cool,  or  to  preserve  ice,  the  daily  or  the  icehouse  must 
be  built  to  resist  changes  in  temperature. 

The  necessity  of  light  is  very  much  neglected,  even  in  many  of  our  so-called 
up-to-date  bams.  We  all  know  that  unrestricted  sunlight  is  nature’s  greatest 
destroyer  of  bacterial  life,  that  it  is  essential  for  the  healthy  development  of  all 
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livestock,  and  that  it  is  also  the  cheapest 
disinfectant  obtainable.  Knowing  this 
is  it  not  "penny  wise  and  pound  foolish” 
to  bar  out  sunshine  because  glass  costs 
a few  cents  more  per  square  foot  than 
lumber? 

Cleanliness  and  comfort  for  the 
animals.  The  most  effective  aid  in 
keeping  the  bam  clean  is  to  so  build  and 
equip  it  that  the  labor  and  time  required 
for  cleaning  will  be  reduced  to  the  min- 
imum. In  its  construction,  avoid  all 
unnecessary  angles,  comers,  cracks,  and 
crevices.  Use  materials  that  will  pro- 
duce smooth  surfaces  and  be  as  far  as 
possible  impervious  to  moisture.  The 
equipment  for  cleaning  and  for  the  re- 
moval of  litter  should  be  sufficient  and 
effective. 

Cleanliness  is  the  one  paramount 
timb»  S3S  requirement,  where  articles  of  human 

food  are  concerned.  There  is  no  excuse 

sizes  of  parts  designated  here  by  numbers).  for  the  UnS&nitctry  dairy  Or  for  the 

disease-laden  and  rat-infected  buildings 
often  used  to  shelter  poultry  and  other  livestock. 

Prevent  the  waste  of  grain  and  the  spread  of  disease  by  making  the  bam  and 
all  other  farm  buildings  proof  against  rats,  mice,  and  other  vermin.  Use  ma- 
sonry construction  with  plenty  of  cement  below  ground  and  as  far  above  ground  as 
its  cost  will  permit.  All  hollow-masonry  work,  such  as  tile  or  cement  block, 
should  occasionally  have  one  layer  filled  solid  with  cement  mortar,  or  a layer  of  slate 
or  shingle  tile  should  be  inserted  in  the  courses,  so  that  no  air  space  in  walls  or 
floors  will  form  a continuous  passage  for  mice. 

Provide  all  stalls  with  simple  and  sanitary  ties  or  stanchions  which  will  allow 
the  animal  to  make  freely  any  of  its  natural  motions,  protect  itself  against  insects 
and  other  enemies,  and  to  be  comfortable  either  standing  or  lying  down.  Make 
provisions  in  the  bam  for  supplying  the  animals  with  an  abundance  of  fresh,  clean 
water  at  all  times. 

Stalls  should  be  so  grouped  that  bedding  may  be  conveniently  supplied  both 
for  comfort  and  for  the  absorption  of  liquids.  Stall  gutters  with  ample  slope 
should  be  provided,  with  sanitary  trap  and  strainer  of  a type  easily  removable 
for  cleaning,  or  for  flushing  tile  which  leads  to  the  manure  cistern,  with  which 
every  bam  should  be  provided. 

Economy  in  feeding  and  watering.  Economy  in  feeding  and  watering  is  of 
great  importance.  It  includes  not  only  saving  of  feed  and  water,  but  saving  of  the 
labor  of  feeding  also.  Arrange  feed  storage  and  mixing  space  convenient  to 
the  feeding  alley.  The  greatest  economy  in  feeding  is  secured  by  having  the 
stock  arranged  in  2 rows  of  stalls,  all  facing  the  feed  alley  running  lengthwise  be- 
tween the  rows.  A feed  room  with  bins  on  the  sides  or  above,  with  hopper  bot- 
toms and  spouts,  located  at  one  end  of  the  feed  alley,  large  enough  for  sheller, 
fanning  mill,  grinder,  and  mixing  bins,  and  having  good  outside  light,  dustproof 
doors  to  feeding  alley,  and  entrance  doors  from  the  outside  is  most  convenient.  It  is 
also  advisable  to  have  silo  and  hay  chutes  in  the  feed  room  rather  than  direct  in 
the  feeding  alley,  in  order  to  avoid  dust  in  the  stable. 
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A feeding  barn  for  fattening  beef  cattle,  in  which  hay  is  stored  in  the  centre;  the  feeding  racks  and 
bunks  are  located  under  cover,  around  it 

Comfortable,  Contented  Animals  Do  the  Best  Work,  Give  the  Most  Milk,  Make 
the  Quickest  Gains  and  Return  the  Largest  Profits.  The  Buildings  Largely  Deter- 
mine the  Degree  of  Their  Comfort  and  Contentment 
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Under  some  conditions  butter 
making  for  market  does  not  pay. 
This  is  one  such  condition 
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Labor-saving  devices  and  conve- 
niently arranged  farm  buildings  mean 
the  elimination  of  much  irksome  farm 
work,  and,  consequently,  the  short- 
ening of  working  hours. 

Construct  hay-storage  rooms  and 
implement  rooms  as  free  of  posts 
ana  other  obstructions  as  economical 
and  durable  construction  will  admit. 

Economy  of  space  often  involves 
a saving  in  expense  and  in  the  con- 
venience of  using  it.  Concentrate  all 
feeds  so  that  their  distribution  will 
be  central  in  relation  to  all  stalls. 

Arrange  all  the  tie  stalls  nearest  the 
feed  room  and  all  pens  and  box  stalls 
farthest  away  from  the  feed  rooms  so 
that  the  largest  bulk  of  feed  will  be 
carried  the  shortest  distance. 

Arrange  cleaning  alleys  with  doors 

convenient  to  the  manure  pit.  Ar-  Fig.  526.  An  intermediate  type  of  barn  framing.  The 
range  tool  room  so  that  a definite 
place  may  be  assigned  to  each  tool  - 

and  implement,  and  that  any  tool  may  be  taken  out  or  replaced  without 
disturbing  other  tools  or  implements. 

Economy  in  construction.  To  secure  economy  in  construction  use  local  ma- 
terials, so  far  as  the  requirements  of  the  building  will  permit.  If  the  farm  con- 
tains a bank  of  good  building  sand,  all  foundation  work  and  most  of  the  lower- 
story  walls  can  be  built  as  cheaply  of  concrete  as  lumber  purchased  at  retail  prices. 
Should  the  farm  contain  field  stone,  it  may  be  used  with  economy  in  the  walls 
and  foundation  of  any  land  of  farm  building.  Where  no]  sand,  gravel,  or  stone 
is  convenient,  brick  or  hollow  tile  may  be  most  economical.  Most  of  the  local 
woods  which  grow  in  the  woodlot  may  be  used  with  economy  and  satisfaction  for 
all  farm  buildings. 

For  average  conditions,  a plank  frame  superstructure  is  more  economical 
than  one  built  of  heavy  square  timbers. 

The  roofing  question  is  an  important  one,  hinging,  to  a large  extent,  on  local 
markets.  It  is  advisable  to  procure  quotations  on  several  good  roofing  materials 
available  in  the  locality,  before  a decision  is  made. 

While  economy  in  construction  is  desirable  because  it  keeps  down  the  original 


n termed  iate  type  of  barn  framing.  The 
be  improved  By  including  a bridged 
11  and  bank  as  shown  in  Fig.  5836. 


cost  of  a building,  strength  and  durability  are  also  desirable  because  they  insure 
permanence  and  low  expense  for  upkeep.  Quite  often  it  is  possible  to  procure 
a suitable  material  which  combines  economy  with  strength  and  durability.  Time 
is  always  well  spent  in  investigating  local  market  conditions  before  deciding 
definitely  what  material  is  the  most  efficient.  To  build  for  permanence  may  not 
add  greatly  to  the  original  cost;  and  the  saving  in  upkeep,  insurance,  and  de- 
preciation will  soon  make  thepermanent  building  the  cheapest. 

Protection  against  fire.  Fire  causes  most  of  the  building  losses  on  farms,  and 
has  destroyed  in  the  United  States  in  a year  buildings  worth  nearly  half  as  much 
as  the  new  ones  erected  in  the  same  period.  Fire  insurance  may  repay  the  farmer 
the  worth  of  the  burned  portions  of  a building;  but  it  does  not  make  up  for  the  total 
loss  incurred  by  the  exposure  of  livestock  to  storms,  nor  for  other  inconveniences 
and  expenses  incurred  duringtherebuildingor  restoration  of  the  damaged  premises. 
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Use  fire-resisting  materials,  such  as  stone,  brick,  concrete,  or  tile  as  much  as 
possible.  If  wood  construction  is  used  for  the  superstructure,  place  the  buildings 
a safe  distance  apart — 100  feet  or  more  is  advisable.  When,  for  the  sake  of  con- 
venience, or  from  lack  of  space,  or  owing  to  climatic  conditions,  it  is  necessary 
to  connect  the  buildings,  build  fire  walls  with  fire-resisting  doors  between  all  build- 


ings. 

Design  should  be  pleasing  and  logical.  A pleasing  appearance  is  by  no  means 
a minor  consideration,  and  it  can  be  obtained  without  additional  expense.  Beau- 
tiful landscapes  defiled  by  unsightly  structures  should  be  a thing  of  the  past. 

Substantial,  sightly  buildings  give  the 
farm  an  appearance  of  prosperity. 

The  tendency  to  follow  the  design 
of  existing  buildings  in  a neighborhood 
is  no  doubt  the  greatest  hindrance  to 
progress  in  barn  construction.  Defects 
are  perpetuated  and  improvements 
ignored  in  copying  the  arrangement 
and  construction  of  old  bams,  even 
if  these  have  been  found  handy  and 
durable.  Fanning  methods  are  chang- 
ing rapidly,  and  the  old  type  of  barn 
wm  soon  be  classed  among  relics. 

Each  building  should  be  carefully 
planned  for  the  service  it  is  to  render, 
regardless  of  previous  practice.  Time 
and  effort  expended  in  analyzing  the 
needs  of  this  service  and  in  planning  to  meet  these  needs  in  the  best  possible 
manner  will  save  labor  and  expense  as  long  as  the  building  is  used.  Compact 
arrangements  pay  dividends  by  saving  labor. 


Building  Materials  and  Their  Proper  Use  in  Construction 


It  may  be  well  said  that  in  the  construction  of  farm  buildings  there  is  a 
proper  place  for  all  building  materials  and  that  each  material  should  be  applied 
m its  proper  place.  No  building  material  meets  all  of  the  requirements  men- 
tioned in  the  preceding  paragraphs,  but  the  one  best  suited  to  its  particular  pur- 
pose should  be  selected  from  the  many  available.  Below  are  given  certain  rules 
and  standards  with  which  the  various  materials  must  comply  in  order  to  meet 
the  building  requirements,  together  with  suggestions  as  to  now  the  materials 
should  be  applied  and  what  materials  may  be  used  with  the  best  results. 


Excavations  for  buildings.  The  ground 
must  be  excavated  before  putting  in  founda- 
tions. either  for  basement  or  for  trenches, 
to  place  the  masonry  below  the  frost  line. 
The  nature  of  the  ground  must  be  carefully 
noted,  after  excavations  have  been  carried 
down  to  a depth  where  no  frost  will  occur 
under  the  walls;  the  kind  of  subsoil  will 
determine  the  width  of  the  footing  or  lower 
course  of  stone  or  concrete  upon  which  the 
weight  of  the  building  will  rest.  For  build- 
ing purposes,  the  various  kinds  of  soil  may 
be  classified  as  follows:  bed  rock,  day,  gravel, 
and  sand. 

Bed  rock  is  generally  safe  to  build  on  for 


any  kind  of  structure,  provided  the  foundation 
beds  are  kept  level. 

Gravel,  even  when  mixed  with  small 
boulders,  may  also  be  considered  perfectly 
reliable  for  any  ordinary  structure. 

Sand  will  carry  very  heavy  loads,  provided 
it  is  confined:  but  great  precautions  must  be 
taken  to  oonfina  it  properly,  end  also  to  keep 
running  water  from  it,  as  the  notion  of  the 
latter  will  soon  wash  it  away. 

Clay,  when  oompaet  ana  dry,  will  cany 
large  loads,  but  water  should  be  kept  from  it, 
both  under  and  around  the  structure,  because 
wet  day  is  pasty  and  semiliquid,  causing 
the  foundation  to  slip  and  settle  unequally. 
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Clayey  soils  should  be  thoroughly  tiled  inside 
and  outside  of  the  foundation  footing,  and 
gravel  or  cinders  used  for  filling  in  above  the 
tile  and  against  the  foundation. 

The  silt,  slush,  and  decayed  vegetation 
of  the  marshy  lands  in  the  southern  states 
require  spread  footings. 

In  all  cases,  the  base  of  the  foundations 
should  be  so  spread  out  as  to  keep  the  pres- 
sure per  square  foot  of  footings  within  the 
safe  limit.  The  accompanying  table  gives 
the  safe  bearing  power  of  soils,  and  may  be 
used  by  calculating  the  weight  of  the  building 
and  its  contents  and  spreading  the  foundations 
to  cover  the  required  area  for  its  safe  load. 


BEARING  POWER  OF  SOILS  IN  TONS 
PER  SQUARE  FOOT 


KIND  OF  MATERIAL 

MINI- 

MUM 

MAXI- 

MUM 

Rock,  equal  to  stone 

25.25 

40 

masonry  .... 

Clay,  dry,  in  thick  beds 
Clay,  soft  .... 

4 

1 

6 

2 

Gravel  or  coarse  sand, 

well  cemented 

8 

10 

Sand,  compact  and  well 

cemented 

4 

6 

Sand,  clean  and  dry 

2 

4 

Quicksand,  alluvial  soils, 

etc. 

0.5 

1 

Foundation  footings  and  walls.  By  spread- 
ing the  load  of  the  structure  over  a larger  area 
of  bearing  surface,  the  weight  of  the  building 
is  more  evenly  distributed.  Timber  is  some- 
times used  for  spread  footings  where  a large 
bearing  surface  is  necessary;  this  is  perfectly 
sound  construction,  if  the  ground  is  continually 
wet,  because  timber  will  not  decay  when  kept 
saturated  with  water. 

The  best  method  of  using  plank  under  a 
masonry  wall  is  to  use  4 x 12  inch  plank,  cut 
to  short,  uniform  lengths  and  placed  crosswise 
in  the  trench  so  that  the  grain  of  the  wood 
runs  at  right  angles  with  the  length  of  the  wall. 
The  masonry  wall  should  be  placed  in  the  cen- 
tre so  that  the  planking  will  project  equally 
beyond  both  faoes  of  the  wall. 

Good  concrete  is  unquestionably  the  best 
material  for  footings,  even  if  stone  or  brick 
is  used  for  the  foundation  walls.  It  is  con- 
tinuous. without  joints,  and  has  the  advantage 
of  arching  itself  over  any  soft  places  in  the 
soil  that  would  allow  other  materials  to  settle, 
cracking  the  walls.  Concrete  footings  are 
generally  made  by  excavating  the  bottom  of 
the  wall  trench  to  the  exact  width  required 
for  the  concrete  and  with  a true,  level  bottom, 
so  that  the  concrete  may  be  poured  directly 
into  the  trench  without  the  use  of  forms. 

Foundation  walls  are  mostly  built  out  of 


stone,  concrete,  brick,  or  tile.  Either  of 
these  may  be  used,  provided  it  is  of  first-class 
material,  for  any  kind  of  foundation;  and  the 
selection  may  be  made  by  comparing  their 
cost  in  the  locality. 

Materials  Used  in  Masonry 
Construction 

All  walls,  whether  of  brick,  tile,  or  stone, 
should  be  laid  in  cement  mortar,  or  lime-ce- 
ment mortar  mixed  in  the  proportions  here- 
after given. 

Lime.  Lime  is  the  product  of  the  burning 
of  limestone.  Both  cement  and  lime  should 
be  kept  in  a dry  place,  as  exposure  to  the  air 
causes  lime  to  air-slake  and  cement  to  “take 
a set”  and  become  useless. 

Cement.  Portland  cements  are  composed 
of  pure  clay  and  pure  lime  combined  in  cer- 
tain definite  proportions,  thoroughly  mixed, 
and  calcined,  then  ground  to  a fine  powder, 
and  packed  in  sacks.  These  cements  will 
stand  4 parts  of  sand  to  1 of  cement,  for 
cement  mortar. 

Sand.  The  sand  used  in  making  mortar 
should  have  no  mixture  of  clay  or  loam  in  it, 
but  should  be  clean  and  sharp  particles  of 
quartz  or  other  disintegrated  rock.  These 
particles  enter  readily  into  the  irregularities 
of  the  surfaces  of  stone  or  brick,  thus  forming 
a perfect  bond. 

Lime  mortar.  For  lime  mortar,  the  lime 
should  be  slaked  by  pouring  water  on  it.  The 
water  is  very  quickly  absorbed  by  the  lime  in 
the  process  of  slaking;  care  should  be  taken  to 
keep  all  the  pieces  wet  by  adding  water  as  fast 
as  the  lime  will  take  it  up. 

Lime  mortar  is  prepared  in  much  the  same 
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way  a a pure  cement  mortar.  For  mixing 
lime  mortar,  a bed  of  sand  is  first  made  in  the 
mortar  box,  and  the  lime  is  distributed  as 
evenly  as  possible  over  it,  both  the  lime  and 
the  sand  being  first  measured,  in  order  that 
the  proper  proportions  may  be  obtained.  The 
proportion  of  sand  and  lime  usually  specified 
is  3 of  sand  to  1 of  lime. 

It  is  considered  better  to  make  lime  in 
large  quantities;  then  to  leave  it  in  piles  for 
use  as  it  may  be  needed,  after  stirring  and 
tempering. 

Cement-and-lime  mortar.  For  this  mortar 
the  lime  should  be  first  slaked  and  then  allowed 
to  stand  until  it  is  thoroughly  cool.  Mix  the 
cement  and  sand  together  dry,  using  1 meas- 
ure of  cement  to  4 measures  of  sand;  to  this 
add  the  slaked  lime,  mix  thoroughly,  and 
reduce  with  water  to  the  proper  consistency. 
Cement-and-lime  mortar  should  be  used  as 
soon  as  mixed,  before  the  cement  sets. 

Cement  mortar.  This  should  be  mixed  in 
the  proportion  of  from  3 to  4 parts  sand  to  1 
of  cement.  It  is  advisable  that  these  parts 
be  actually  measured,  so  that  there  will  be 
no  question  about  having  the  proportions 
just  right.  After  the  sand  and  cement  are 
thrown  on  the  platform,  they  must  be  thor- 
oughly mixed  by  shoveling  the  two  materials 
together,  at  least  twice,  so  that  the  cement 
may  be  thoroughly  incorporated  with  the  sand. 
Sufficient  water  snould  now  be  added  to  make 
a stiff  paste,  and  the  mortar  must  be  immedi- 
ately conveyed  to  the  work  and  used,  as  the 
cement  sets  very  rapidly  and,  after  it  is  once 
hard,  the  mortar  cannot  be  used  again. 

Brick.  Brick  may  be  called  an  artificial 
stone,  manufactured  in  small  pieces  for  con- 
venience in  laying.  The  principal  ingredi- 


ents in  brick  are  day  and  protoxide  of  iron. 
In  the  eastern  states,  most  of  the  common 
brick  are  made  7}  x 3}  x 2\  inches;  in  the  west- 
ern states  the  common  bnck  are  made  8J  x 4J 
x 2\  inches. 

Good  building  brick  should  be  well  burned 
and  quite  hard.  It  should  have  a ringing 
sound  when  two  brides  are  struck  together. 
A good  bride  should  not  absorb  more  than 
one  tenth  its  weight  in  water,  nor  should  it 
break  under  a crushing  load  of  less  than 
4,000  pounds  per  square  inch. 

Brick  masonry.  No  bride  walls,  even  for 
the  smallest  buildings,  should  be  built  less 
than  8 inches  in  thickness.  Eight-inch  walls 
should  never  be  more  than  10  feet,  nor  more 
than  one  story  in  height.  All  walls  that  are 
subject  to  lateral  pressure  from  movable 
materials  piled  against  them,  from  heavy 
wind  pressure  or  from  the  outward  thrust  of 
roof  rafters,  should  never  be  less  than  12  indies 
in  thickness.  No  12-inch  walls  should  be 
more  than  22  feet  in  height  or  more  than  2 
stories  high. 

Walls  for  1 -story  buildings  having  many 
windows,  such  as  dairy  bams,  should  have 
either  12-inch  walls  or  8-inch  walls  reinforced 
at  intervals  with  pilasters.  These  pilasters 
may  be  built  hollow  and,  in  the  case  of  live- 
stock bams,  may  be  used  for  ventilation  flues. 
Where  pilasters  are  to  support  concentrated 
loads  from  the  ends  of  girders,  roof-trusses, 
etc.,  they  should  be  built  solid  and  with  ce- 
ment mortar. 

Brick  laying.  All  brickwork  must  have  a 
good  bed  of  mortar  between  all  bricks.  Brick- 
work, therefore,  consists  of  both  brick  and 
mortar.  The  strength  of  any  piece  of  brick- 
work depends  on  the  quality  of  the  brick, 
the  strength  and  quality  of  the  mortar,  the 
way  in  which  the  bricks  are  laid  and  bonded, 
and  whether  or  not  the  bricks  are  laid  wet 
or  diy. 

Brick  should  be  laid  in  a bed  of  mortar  at 
least  three  sixteenths  and  not  more  than  three 
eighths  of  an  inch  in  thickness.  Every  ver- 
tical joint  between  ends  of  brick  and  all 
spaces  between  the  outer  and  inner  courses  of 
brick  must  be  filled  in  solid  with  mortar,  so 
that  no  air  space  will  exist  within  the  walls. 

Stone  masonry.  If  rubble  stone  can  be  pro- 
cured on  the  farm  or  near  by,  it  will  no  doubt 
mpke  the  most  economical  wall;  and  it  may  be 
used  from  the  footing  up  to  the  window-sill 
level  in  barns  where  a large  number  of  win- 
dows are  necessary.  In  many  cases,  too,  it 
may  be  carried  up  to  the  hay-mow  floor  level 
or  to  the  roof. 

It  does  not  pay  to  carry  the  stonework  up 
between  the  windows  where  they  are  spaced 
close  together,  because  the  amount  of  labor 
required  in  dressing  the  stone  to  square  cor- 
ners will  cost  more  than  other  and  more 
appropriate  materials. 

The  most  satisfactory  manner  of  measuring 
stonework  is  by  the  cubic  foot  or  cubic  yard. 
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The  cord  (128  cubic  feet)  is  sometimes  used. 
The  perch  is  a measure  that  is  often  mislead- 
ing, because  its  value  ranges  all  the  way  from 
16  to  24  cubic  feet,  according  to  local  custom. 

It  requires  about  one  third  cubic  yard  of 
mortar  to  lay  up  1 cubic  yard  of  rubble-stone 
work.  This  amount  of  cement  mortar  will  re- 
quire about  two  thirds  of  a barrel  of  cement 
and  three  tenths  of  a cubic  yard  of  sand. 

The  safe  bearing  load  on  rubble-stone  ma- 
sonry is  calculated  at  80  pounds  per  square 
inch,  if  lime  mortar  is  used,  and  150  pounds 
if  cement  mortar  is  used. 

A wall  can  be  built  very  economically 
of  field  stone  or  boulders  by  proceeding  as 
in  laying  concrete.  Set  in  the  plank  forms 
to  the  thickness  of  the  walls,  fill  in  with  ce- 
ment mortar  about  3 inches  deep,  then  place 
the  stones  in  this  mortar,  packing  them  as 
close  together  as  possible,  and  placing  the 
smaller  stones  between  the  larger  ones.  After 
a layer  of  stone  has  been  placed  in  the  form, 
put  in  more  mortar,  covering  the  stone  over 
with  mortar  several  inches  deep,  and  then 
proceed  with  another  layer  of  stone  as  before. 
This  can  be  done  by  unskilled  labor  and  the 
work  will  progress  very  rapidly.  One  side  of 
the  form  is  built  up  the  full  height  of  the  wall  to 
start  with;  and  the  side  from  which  the  stone 
is  laid  is  built  up  one  plank  at  a time  as  the 
wall  is  laid,  so  that  there  will  be  no  unneces- 
sary lifting  of  materials. 

Concrete  masonry.  In  estimating  the 
amount  of  material  required  for  barn  or  base- 
ment walls,  the  accompanying  table  compiled 
by  a well-known  cement  company  gives  in- 
formation for  3 heights  of  concrete  walls. 
The  proportions  of  the  ingredients  are  1 part 
of  cement  to  2$  of  sand  and  5 of  stone  or  gravel. 


DIMENSIONS  OP  WALL 

IMMATERIAL  PER  10  RUNNING  FT. 

Height 

THICKNESS 

Cement 

Sand 

Gravel 

Feet 

Bottom 

Inches 

Top 

Inches 

Sacks 

Cu-Ft. 

Cu.  FL 

6 

6 

6 

6 

14| 

29 

8 

10 

8 

12 

29 

58 

10 

15 

10 

24 

57 

114 

The  materials  required  for  1 cubic  yard  of 
concrete  of  various  mixtures  may  be  found  by 
the  following  table,  published  by  another 
cement  company: 


MIXTURES 

QUANTITIES  OP  MATERIALS 

Cement 

Sand 

Gravel 

Sacks  of 
Cement 

Cubic 
Yards 
of  Sand 

Cubic 
Yards  of 
Gravel 

1 

2 

3 

7.0 

.52 

.78 

1 

2 

4 

6.0 

.44 

.89 

1 

2.5 

4 

5.6 

.52 

.83 

1 

3 

5 

4.6 

.51 

.85 

Fig.  530.  Detail  of  end  of  bam  built  on  the  braced 
rafter  plan,  showing  how  to  brace  the  gable  end  walls 
to  resist  the  hay  pressure  (see  p.  377). 


Concrete,  when  properly  handled,  is  recog- 
nized by  the  farmer  as  satisfactory  material 
for  all  forms  of  building  work.  The  advan- 
tages of  good  concrete  are:  protection  against 
fire  and  decay;  absence  of  repairs;  saving 
of  insurance;  practical  indestructibility; 
cleanliness;  and  vermin  proof  ness — all  result- 
ing in  the  greatest  economy.  Good  concrete 
is  water-tight;  walls  built  of  it  are  light  in 
color,  reflecting  light  to  all  parts;  and  it  leaves 
no  small  corners,  crevices,  or  pockets  in  which 
dirt  may  collect. 

The  use  of  concrete  by  farmers  has  increased 
enormously,  but  it  has  been  pretty  largely 
restricted  to  the  building  of  floors,  walks, 
foundations,  and  retaining  walls.  The  rea- 
son for  this  is  that  it  has  been  necessary  to 
erect  wooden  forms,  making  heavy,  cum- 
bersome work  at  great  expense.  To-day, 
adjustable  steel  forms,  that  can  be  used  for 
any  type  of  solid  or  double  wall,  may 
be  purchased  at  such  a low  price  that 
concrete  walls  can,  in  most  places,  be  built 
for  about  the  price  they  would  cost  if  built 
of  wood. 

The  double-wall  construction,  with  a con- 
tinuous air  space  for  insulation  against  tem- 
perature and  dampness,  meets  all  the  require- 
ments for  any  type  of  farm  building. 

Small  1-story  farm  buildings  may  be  built 
strictly  fireproof  by  making  the  roof  of  con- 
crete on  stiffened,  expanded  metal.  The 
latter  can  be  purchased  in  lengths  up  to  12 
feet.  The  expanded  metal  is  supported  by 
the  walls  and  on  steel  or  reinforced  concrete 
beams  between  the  walls  at  intervals  of  6 
to  10  feet.  Concrete  is  spread  on  top  of  this 
expanded  metal  to  a thickness  of  about  2 
inches  and,  when  hard,  the  underside  is  also 
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plastered  with  concrete,  so  that  the  metal  is 
entirely  imbedded  in  the  slab.  When  thor- 
oughly set,  this  slab  becomes  very  strong; 
ana  the  top  surface  is  then  coated  with  as- 


phalt or  some  other  elastic  roofing  paint  to 
make  it  thoroughly  waterproof.  This  method 
of  roof  construction  is  very  economical,  is 
stormproof,  waterproof,  and  indestructible. 


Carpentry 

The  rules  which  govern  the  grading  of  the  various  kinds  of  lumber  sold  on  the 
market  are  determined  by  the  various  lumber  associations.  These  associations 
publish  small  pamphlets  containing  the  grading  rules,  which  may  be  obtained 
free  upon  request.  For  additional  information  regarding  the  properties  of  lum- 
ber, application  should  be  made  to  the  United  States  Department  of  Agriculture, 
Forest  Service,  Washington,  D.  C. 


Standard 'sizes  of  dressed  lumber.  Fin- 
ishing lumber  is  dressed  to  the  following: 

1 inch  S.  1 S.  or  2 S.  to  H;  11  inches  S.  1 S. 
or  2 S.  to  1A;  11  inches  S.  1 S.  or  2 S.  to  1A; 

2 inches  S.  1 S.  or  2 S.  to  1}  inches.  1x4 
S.  4 S.  is  3}  inches  wide  finished;  1 x 5 S.  4 
S.  is  41  inches  wide;  1 x 6 is  51  inches;  1 x 7 is 
61  inches;  1 x 8 is  71  inches;  1 x 9 is  81  inches; 
1 x 10  is  91  inches;  1 x 11  is  101  inches,  and 
1 x 12  is  111  inches. 

Flooring.  The  standard  of  1 x 3, 1 x 4,  and 
1x6  inches  D.  and  better  is  worked  to  if  x 
21,  31,  and  51  inches;  11-inch  flooring  is  1 A 
inches  thick;  11-inch  flooring  is  1H  inches 
thick,  the  same  width  and  matching  as  1-inch 
stock. 

Drop  siding.  D.  and  M.  is  worked  to  } x 31 
and  51  inches  face,  41  and  51  over  all.  Worked 
ship-lap,  f x 5 inches  face,  51  over  all. 

Ceiling.  Ceiling  is  worked  to  the  follow- 


ing: f-inch  ceiling,  A inch;  1-inch  ceiling, 
A inch;  f-inch  ceiling,  A inch;  f-inch  ceiling, 
flinch.  Same  width  as  flooring.  Working 
of  ceiling  is  beaded  centre  and  edge  with  slight 
bevel  on  groove  edge.  The  bead  on  all  ceil- 
ing and  partition  is  depressed  A inch  below 
surface  line  of  piece. 

Bevel  siding.  This  is  made  from  stock 
S.  4 S.  worked  to  ff  x 31  and  51,  and  resawed 
on  a bevel.  < 

Ship-lap  and  bam  siding  No.  1 common. 
8,  10,  and  12  inches  is  worked  to  ff  x 71,  91, 
and  Ilf  inches. 

D.  and  M.  No.  1 Common.  8,  10,  and 
12  inches  is  worked  to  ff  x 71,  91,  and  Ilf 
inches. 

Grooved  roofing.  10  and  12  inches  S.  1.  S. 
and  2 E.  is  worked  to  H x 91  and  Ilf. 

Dimensions  are  worked  to  the  actual  sizes 
fihown  in  the  accompanying  table: 


ACTUAL  SIZES  OF  LUMBER  DIMENSIONS,  IN  INCHES 

(SOUTHERN  YELLOW  PINE  MANUFACTURERS*  ASSOCIATION) 

FOR  SURFACED  ONE  SIDE  AND  ONE  END 


BREADTH 

DEPTH 

2 INCHES 

4 INCHES 

8 INCHES 

10  INCHES 

4 inches 

If  x 3f 

3 

x 3 

mmm 

mmmm 

6 inches 

If  x 5) 

3 

x 5 

5] 

x 5f 

l i 

8 inches 

If  x 71 

3 

x 7 

5 

x 7} 

10  inches 

If  x 91 

3 

x 9 

5 

x 9f 

Kfn| 

12  inches 

If  x 111* 

3 

x 11 

5 

x ll| 

111 

■jimi 

FOR  SURFACED  FOUR  SIDES 


4 inches 

11  x 31 

31  x 31 

6 inches 

n * 6i 

31  x 51 

51  x 51 

8 inches 

11  x 7» 

31  x 71 

5}  x 7} 

71  x 71 

10  inches 

U x 9» 

31  x 91 

51  x 91 

71  x 91 

9f  x 9t 

12  inches 

li  x 111 

31  x 111 

51  x 111 

71  x 111 

91  x 111 
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INCHES 

10 

12 

14 

16 

18 

20 

22 

24 

26 

2 X 4 

61 

8 

9* 

101 

12 

13* 

14* 

16 

17* 

2 x 6 

10 

12 

14 

16 

18 

20 

22 

24 

26 

2 x 8 

13* 

16 

18} 

21* 

24 

26} 

29} 

82 

34* 

2x  10 

161 

20 

23} 

26} 

30 

33} 

36} 

40 

43* 

2x  12 

20 

24 

28 

32 

36 

40 

44 

48 

62 

2x14 

231 

28 

32} 

37} 

42 

46} 

61* 

66 

60} 

4x4 

13* 

16 

18} 

21* 

24 

26} 

29} 

82 

84} 

4x6 

20 

24 

28 

32 

86 

40 

44 

48 

62 

4 x 8 

26| 

32 

37} 

42* 

48 

63* 

68} 

64 

69} 

4x10 

33} 

40 

46} 

63} 

60 

66} 

73} 

80 

86} 

6 x 6 

30 

36 

42 

48 

54 

60 

66 

72 

78 

6 x 8 

40 

48 

66 

64 

72 

80 

88 

96 

104 

6x  10 

60 

60 

70 

80 

90 

100 

110 

120 

130 

6x12 

60 

72 

84 

96 

108 

120 

182 

144 

166 

6x  16 

80 

96 

112 

128 

144 

160 

176 

192 

208 

8 x 8 

63J 

64 

74} 

85} 

96 

106} 

117} 

128 

188} 

8x  10 

66} 

80 

93} 

106} 

120 

133} 

146} 

160 

178} 

8x  12 

80 

96 

112 

128 

144 

160 

176 

192 

208 

10  x 10 

83} 

100 

116} 

183} 

150 

166} 

183} 

200 

216} 

10x12 

100 

120 

140 

160 

180 

200 

220  * 

240 

260 

12x12 

120 

144 

168 

192 

216 

240 

264 

288 

312 

12x14 

140 

168 

196 

224 

252 

280 

808 

336 

364 

Heavy  flooring.  For  2 and  2}  inches,  match- 
ing, the  thickness  should  be  } inch  less  than 
tiie  rough  material.  The  tongue  should  be  # 
inch  thick  and  f inch  long.  For  3-inch  and 
thicker  matching,  the  tongue  should  be 
} inch  thick  and  I inch  long,  and  the 
thickness  of  the  stock  should  be  } inch  less 
than  the  rough  material. 

Heavy  ship-lap.  This  is  worked  to  the 
same  thickness  as  heavy  flooring.  The  lap 
is  } inch  long,  occupying  one-half  the  finished 
thickness  of  the  piece. 

Timbers.  These  are  worked  to  the  follow- 
ing: 4x4  and  larger  S.  1.  S.  or  S.  & E., 
| inch  off  each  face  surfaced;  S.  8 S.  or  S. 
4 S.,  } inch  off  each  face  surfaced. 

Plastering  lath.  No.  1 measure  2 indies 
in  thickness  to  every  5 lath,  green;  the  mini- 
mum thickness  of  any  one  lath  is  not  less 
than  A inch  green,  and  is  not  less  than 
1A  inches  in  width,  green,  length  4 feet. 
If  inches  thickness  to  every  6 lath,  dry, 
and  do  not  measure  less  than  1A  inches  in 
width,  dry.  They  are  not  more  than  } 
inch  scant  in  length  when  dry. 

To  determine  the  number  of  board  feet 
in  timber,  it  should  be  remembered  that  a 
board  foot  is  the  measure  of  a piece  of  timber 
12  inches  long,  12  inches  wide,  and  1 inch 
thick.  Thus  a block  of  timber  12  inches 
square  on  the  end,  and  1 foot  long,  would 
contain  12  board  feet. 

Shrinkage  of  timber.  Timber  shrinks 
but  very  little  lengthwise  of  the  grain  when 
drying,  but  crosswise  the  shrinkage  may  be 
quite  considerable.  The  soft  woods,  such 


as  pine,  spruce,  or  cypress,  shrink  evenly, 
with  but  little  cracking;  but  the  hard  woods, 
such  as  oak  and  hickory,  are  often  subject 
to  injury  in  shrinking. 


APPROXIMATE  SHRINKAGE  OF  TIMBER  PER 
FOOT  OF  WIDTH  IN  DRYING 


KIND  OF 
WOOD 

SHRINK- 

AGE 

KIND  OF  WOOD 

SHRINK- 

AGE 

Ash 

.60 

Horae  chestnut 

.72 

Basswood 

.72 

Locust 

.72 

Beech 

.60 

Maple 

.60 

Birch 

.72 

Oak 

1.20 

Box  elder 

.48 

Pine,  hard 

.48 

Cedar 

.36 

Pine,  soft 

.36 

Cherry 

.60 

Poplar 

.60 

Chestnut 

.72 

Spruce 

.36 

Cypress 

Elm 

.36 

.60 

Sycamore 

Tama  rank 

.60 

.48 

Hickory 
Honey  Locust 

1.20 

.48 

Walnut 

.60 

Ordinary  lumber  waste.  In  the  use  of 
ordinary  lumber  on  walls,  floors  and  oeilingB, 
the  following  percentages  should  be  added 
to  the  actual  measurement  of  the  surface  to 
be  covered,  in  order  to  allow  for  lapping, 
matching,  etc.: 

Battens,  1x4,  placed  6 inches  on  centres, 
only  j of  surface  measure  is  needed. 
Battens,  1x6,  placed  8 inches  on  centres, 
only  } of  surface  measure  is  needed. 

Ceiling  will  be  same  as  flooring  (see  below). 

m CENT 


Flooring,  3-inch  matched 60 

Flooring,  4-inch 33 

Flooring,  6-inch 20 
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r Papers  and  felts  are  usually  listed  suffi- 
ciently below  the  actual  contents  of  the  roll 
to  allow  for  lapping. 

PER 

CENT 


Sheathing,  common,  laid  horizontally  on 

walls  without  openings 10 

Sheathing,  common,  laid  horizontally  on 

roofs  without  openings 10 

Sheathing,  common,  laid  diagonally  on 
buildingB  with  usual  openings  ...  17 
Sheathing,  tight,  6 inches,  laid  horizon- 
tally   20 

Sheathing,  tight,  8 inches,  laid  horizon- 
tally   15 

Sheathing,  tight,  10  inches  laid  horizon- 
tally   12 

Sheathing,  tight,  6 inches,  laid  diagonally  25 


PER 

CENT 

Sheathing,  tight,  8 inches,  laid  diagonally  17 
Sheathing,  tight,  10  inches,  laid  diagon- 
ally   12 

Siding,  drop 20 

Siding,  lap,  4 inches  to  weather  ...  50 
Siding,  lap,  4}  inches  to  weather.  . 33 


To  estimate  the  quantity  of  sheathing  or 
of  ship-lap,  approximately,  calculate  the 
exact  surface  to  be  covered,  deducting  open- 
ings; then  add  the  following  percentages: 

SHEATHING  SHIP-LAP 

PER  CENT  PER  CENT 

ior  17 
J or  20 
i or  25 


For  floors . 
For  side  walls 
For  roofs  . 


* or  15 
i or  17 
1 or  20 


WEIGHT  OF  WIRE  NAILS  NEEDED  PER  1,000  FEET  OF  LUMBER 


KIND  OF 

MATERIAL 

DISTANCE  APART 
OF  JOIST,  OR 
STUDDING  NAIL- 
ING SPACE, 

IN  INCHES 

NUMBER  OF 
NAILS  TO 
EACH  BOARD, 
EACH  NAIL- 
ING SPACE 

SIZE 

OF  NAIL 

POUNDS  OF 
NAILS 

Framing  1 x 

4 

16 

2 

10d. 

common 

65 

*( 

1 X 

4 

24 

2 

lOd. 

a 

45 

« 

1 X 

6 

16 

2 

lOd. 

u 

43 

a 

1 X 

6 

24 

2 

lOd. 

it 

a 

1 X 

8 

16 

2 

lOd. 

a 

a 

1 X 

8 

24 

2 

lOd. 

a 

23 

a 

1 X 

10 

16 

3 

lOd. 

a 

39 

a 

1 X 

10 

24 

3 

lOd. 

a 

27 

it 

1 X 

12 

16 

3 

lOd. 

n 

32 

a 

1 X 

12 

24 

3 

lOd. 

a 

23 

it 

2 x 

6 

24 

2 

30d. 

a 

it 

2 x 

8 

24 

2 

30d. 

a 

it 

2 x 

10 

24 

3 

30d. 

a 

48 

a 

2 x 

12 

24 

3 

30d. 

a 

Ship-lap  1 x 

8 

16 

2 

lOd. 

a 

36 

1 X 

8 

24 

2 

lOd. 

a 

26 

II 

1 X 

10 

16 

3 

lOd. 

a 

43 

It 

1 X 

10 

24 

3 

lOd. 

a 

It 

1 X 

12 

16 

3 

lOd. 

a 

35 

II 

1 X 

12 

24 

3 

lOd. 

a 

25 

Flooring  1 x 

4 

16 

1 

8d. 

it 

27 

a 

1 X 

6 

24 

1 

8d. 

it 

12 

a 

1 X 

6 

16 

2 

8d. 

it 

36 

a 

1 X 

6 

24 

2 

8d. 

tt 

24 

a 

1 X 

8 

16 

2 

lOd. 

a 

36 

a 

1 X 

8 

24 

2 

lOd. 

it 

26 

Ceiling 

i x 

4 

24 

1 

6d. 

finishing 

6 

a 

I x 

6 

24 

1 

6d. 

a 

4 

a 

ix 

6 

24 

1 

8d. 

common 

12 

Siding 

§ X 

4 

16 

1 

8d. 

finishing 

15 

a 

h x 

6 

16 

1 

8d. 

a 

10 
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Estimating  Quantities  of  nails.  The  ac- 
companying table  gives  the  number  of  wire 
nails  in  pounds  for  various  kinds  of  lumber, 
r thousand  feet  board  measure,  allowance 
ing  made  for  loss  of  covering  surface  due 
to  lap  or  matching  of  materiiu.  The  sizes 
given  are  as  rated  on  the  market. 

Shingles,  per  1,000,  require  3}  pounds  of 
3d.,  or  5 pounds  of  4d.  nails.  Lath,  ordinary, 

rr  1,000,  studding  spaced  16-inch  centres, 
pounds  of  3d.  common  wire  nails.  Bridg- 
ing, per  set  for  2 x 10  joists  spaced  16-inch 
centres  will  require  26  pounds  of  8d.  common 
wire  nails  per  1,000  linear  feet  of  bridging. 


Framing  studding  will  require  15  pounds 
of  10d.,  and  5 pounds  of  20d.  nails,  per  1,000 
feet  of  studding. 

Framing  joists  will  require  approximately 
the  following  amounts  of  20d.  nails  per  1,000 
feet: 

Frame  buildings,  16-inch  centres  15  lbs. 
Brick  buildings,  16-inch  centres  10  lbs. 

Brick  buildings,  12-inch  centres  12  lbs. 

Finish  seven  eighths  inch,  will  require  about 
20  pounds  of  8d.  finishing  nails  per  1,000  feet, 
while  1}  inches  will  require  30  pounds  of 
lOd.  finishing  nails  per  1,000  feet. 


Loads  on  Structures 

Sometimes  it  becomes  necessary  to  calculate  the  loads  on  a structure,  in  order 
to  determine  the  exact  size  of  timber  required.  The  loads  on  a structure  may  be 
divided  as  follows:  The  dead  load  is  the  weight  of  the  material  of  which  the  struc- 
ture is  composed.  The  live  load  is  the  weight  of  the  various  articles  in  the  build- 
ing that  are  not  a part  of  the  stucture  itself.  The  snow  and  wind  loads  are,  as 
the  names  imply,  loads  that  are  caused  respectively  by  snow  and  wind. 

In  calculating  the  loads  on  a structure  for  the  purpose  of  determining  the  size 
of  timber  or  thickness  of  walls  that  may  be  required,  with  the  view  of  building 
safely  but  without  waste,  the  live  load  must  be  added  to  the  dead  load  in  figuring 
the  total  load  on  a floor  beam.  The  snow  and  wind  loads  must  be  added  to  the 
dead  load  for  figuring  the  total  load  on  a rafter.  All  loads  combined  must  be  fig- 
ured in  calculating  the  size  of  foundation  footings. 

The  accompanying  tables  (on  this  and  the  next  page)  will  be  found  useful  in 
calculating  the  live  and  dead  loads  on  structures: 


WEIGHT  OF  BUILDING  MATERIALS 
PER  SQUARE  FOOT 


POUNDS 

NAME  OF  MATERIAL 

PER  FOOT 

Corrugated  (2J  inch) 

No.  26  galvanized  iron  . 

.99 

No.  28  galvanized  iron  . 

Felt  and  pitch  roofing  without 

.86 

sheathing 

3 

Glass  i inch  thick  .... 

a 

Lead  i inch  thick  .... 

6 to  8 

Lath  and  plaster  (ordinary)  . 
Sheathing  1 inch  thick 

6 to  8 

Hemlock 

2 

Spruce 

Yellow  pine 

2 

3 

Chestnut 

4 

Maple 

4 

Ash  or  Oak 

5 

Sheet  iron  1-16  inch  thick 

3 

Shingles  5 inches  to  weather  . 
Steel  roofing 

2 

1 

Tile,  Spanish  roofing  . . 

Tile,  plain 

8* 

18 

4-ply  gravel  roofing 

5i 

3-ply  asphalt  roofing  . . 

6 to  10 

WEIGHT  OF  BUILDING  MATERIALS 
PER  CUBIC  FOOT 


MATERIAL 

POUNDS 
PER  FOOT 

Brick  work 

125 

Concrete 

140 

Earth,  dry 

90  to  100 

Iron,  cast 

450 

Limestone 

146  to  168 

Masonry,  limestone  . 

150 

Quicklime 

53 

Sand,  dry 

90  to  100 

Steel,  structural  .... 

489.6 

Tile 

110  to  112 

To  find  the  correct  size  of  beam  required 
to  support  farm  produce,  first  find  the  total 
weight  of  such  live  load  per  square  foot  of 
floor  area  upon  which  it  is  to  rest.  Then  find 
the  number  of  square  feet  of  floor  area  sup- 
ported by  one  beam,  and  multiply  this  by 
the  live  load  per  square  foot  just  referred  to. 
This  gives  the  total  live  load  to  be  supported 
by  the  beam  and  by  referring  to  the  second 
table  on  page  374,  the  right  size  of  beam  can 
be  located  at  once. 
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WEIGHT  OP  FARM  PRODUCTS  PER  CUBIC  FOOT,  IN  POUNDS 


PRODUCT 

WEIGHT 

PRODUCT 

WEIGHT 

Barley 

38 

Hay,  Alfalfa,  in  bales 

121  to  14 

Beans 

48 

Hay,  Clover,  in  bales 

14 

Beets 

44 

Hay,  Clover,  loose  . 

4 6 

Bran 

16 

Land  plaster.  . 

80 

Buckwheat 

39 

Potatoes,  white 

48 

Butter 

69 

Potatoes,  sweet . . 

41 

Cabbage 

Carrots 

40 

40 

Rye 

Meal 

46 

37 

Cheese1. 

30 

Middlings  . . . 

32  to  38 

Clover  seed 

48 

Milk 

66 

Corn  on  cob,  husked  .... 

66 

Oats 

26 

Corn  on  cob,  unhusked  . . . 

68 

Peanuts  .... 

18 

Cora,  shelled 

46 

Silage  (at  top)  . . 

Silage  (at  36  feet)  . 

19 

Cora  meal 

88 

61 

Cottonseed 

26 

Straw  .... 

19 

Eggs 

68 

Wheat  .... 

48 

SAFE  LOADS,  [IN  POUNDS,  UNIFORMLY  DISTRIBUTED  FOR  YELLOW-PINE 

BEAMS 

(Supported  at  Both  Ends) 


Loads  above  heavy  horizontal  lines  are  cal- 
culated for  both  strength  and  stiffness. 
Loads  below  heavy  horizontal  lines  calculated 
for  strength  only,  and  will  deflect  more 
than  one  thirtieth  of  an  inch  per  foot  of 
span,  and  should  not  be  used  with  plastered 
ceilingB. 

Bara  framing.  In  case  the  framing  tim- 
bers for  the  barn  are  to  be  cut  out  of  the 
woodlot  with  a portable  saw,  it  may  be  best 
to  use  the  old  style  of  heavy-timber  construc- 


tion in  some  cases,  because  this  takes  less 
pieces  and  thereby  reduces  the  amount  of 
sawing,  although  the  actual  number  of  board 
feet  of  lumber  is  more  than  required  for  a 
plank-frame  barn. 

Figs.  626  and  627  show  the  method  of  build- 
ing the  heavy-timber  barn;  and  below  is  a 
list  of  the  parts,  giving  their  names  and 
average  sizes  used.  The  numbers  at  the  left 
of  each  item  in  this  list  coincide  with  the 
numbers  in  the  illustration. 
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PARTS  OP  A HEAVY-TIMBER  BARN 


NAME  OF  PART 

SIZE 

NAME  OF  PART 

SIZE 

1. 

Basement  sill  . . 

10  x 12  inches 

15. 

Purlin  braces  . 

3 x 

4 inches 

2. 

Basement  posts 

. 12  x 12 

u 

16. 

3-ft.-run  brace  . 

3 x 

4 

It 

3. 

Main  sill 

. 10  x 10 

u 

164. 

2J-ft.-run  brace 

3 x 

4 

It 

4. 

Cross  sill 

. 10x10 

n 

17. 

3l-ft.-run  brace 

3 x 

4 

ii 

5. 

Main  post  . . . 

8 x 8 

n 

18. 

End  girts  . . 

4 x 

6 

It 

6. 

Centre  post.  . . 

. 8 x 8 

*t 

19. 

Side  girts  . . 

4x 

6 

it 

7. 

Main  beams  . . 

. 8x10 

a 

20. 

Door  girts  . . 

4x 

6 

it 

8. 

Main  plate  . 

8 x 8 

<i 

21. 

Breast  girt  . 

6 x 

8 

it 

9. 

Purlin  posts  . . 

6 x 6 

a 

22. 

Breast-girt  studs 

3 x 

4 

it 

10. 

Purlin  beams  . 

6 x 6 

n 

23. 

Ladder  post 

3 x 

4 

a 

11. 

Purlin  plate 

6 x 6 

ii 

24. 

Doorposts  . . 

4 x 

4 

a 

12. 

Upper  rafters  . 

2 x 6 

H 

25. 

Overlays,  top  and  ends 

13. 

Lower  rafters  . 

2 x 6 

ii 

flatted  to 

, . 

6 

it 

14. 

Purlin  girts . . . 

4 x 6 

a 

26. 

Sleepers.  . . 

. 

6 x 

6 

it 

Plank,  Braced-rafter,  and  Plank-truss  Types  of  Construction 


Plank  construction.  The  steady 
increase  in  the  price  of  lumber  and 
building  materials  has  necessitated  a 
closer  calculation  of  their  strength. 

Economy  prescribes  that  each  piece 
shall  be  only  as  large  as  needed  to  with- 
stand safely  the  strains  to  which  it 
will  be  subjected,  and  that  it  shall  be 
so  placed  that  it  will  be  strongest  in 
its  allotted  position.  In  the  largest 
and  best  barns  built  to-day,  you  will 
seldom  see  timber  thicker  than  2 inches. 

This  is  partly  due  to  the  fact  that  small 
dealers  carry  a limited  assortment  of 
sizes,  and,  to  a greater  extent  for  the 
present-day  calculations  of  architects. 

Most  modem  bams  are  built  with 
self-supporting  roofs,  as  this  type  of 
construction  eliminates  heavy  beams 
and  posts  and  reduces  cost.  This  type 
of  roof  resembles  the  hull  of  a boat 
turned  upside  down,  and  consists  of  built-up  plank  arches  reinforced  with  splice 
braces  at  angles,  spanning  from  one  side  wall  to  the  other.  This  roof,  usually, 
has  4 surfaces,  the  lower  2 being  steep,  and  the  upper  ones  about  quarter-pitch. 
Many  make  the  mistake  of  calling  this  type  a '“hip  roof."  Its  proper  name, 
however,  is  “gambrel  roof’  and  it  is  known  also  as  “curb  roof”  and  “mill  roof.’’ 


Fig.  531.  End  framing  of  a barn  36  feet  wide  with  16- 
foot  side  walls,  built  according  to  the  plank-truss  type  of 
construction. 


Fig.  531  illustrates  the  construction  of  a 
favorite  type  of  modern  barn,  which  consists 
of  a frame  structure,  the  frame  of  which  is 
built  entirely  out  of  planking  not  over  2 
inches  thick  and  on  a concrete  foundation 
which  extends  far  enough  above  floor  and 
outside  ground  level  to  prevent  moisture 
from  coming  into  contact  with  the  wooden 
sill  and  frame. 

The  sill  should  be  well  bolted  on  top  of 
the  concrete  foundation;  and  the  studs  are 
2 x 6-inch  in  size  for  barns  of  ordinary  di- 


mensions, and  spaced  16  to  24  inches  on 
centres,  the  24-inch  spacing  being  preferred 
because  any  stock-length  boards  can  be 
nailed  thereto  without  waste.  The  studding 
is  generally  of  14-  or  16-foot  lengths,  ana 
has  a doubled  2-inch  plate  spiked  on  top, 
which  ties  the  studs  together,  keeps  them  in  a 
straight  line,  and  forms  a sill  for  the  rafters. 

The  floor  joists  of  the  hay-mow  floor  are 
made  of  2 x 10-  or  2 x 12-inch  joists,  as  the 
weight  of  hay  may  require,  and  are  spaced 
the  same  as  the  studding,  so  that  the  end  of 
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Fig.  532.  Section  of  barn  illustrating  plank-truss  con- 
struction, which,  at  the  cost  of  a little  storage  space, 
makes  use  of  lighter  and  therefore  more  easily  obtained 
materials,  than  do  other  types  of  bam  framing. 

each  joist  may  be  spiked  against  the  side  of 
the  studding  and  at  the  same  time  rest  on  a 
2 x 6-ledger  or  “ribbon,”  which  is  notched 

1 inch  into  the  studding  and  continues  the 
full  length  of  both  side  walls  with  as  few 
joints  as  possible.  Three  lengths  are  gener- 
ally required  to  reach  from  one  side  of  the 
barn  to  the  other.  The  ends  of  the  middle 
tier  of  joists  are  spiked  and  lapped  against 
the  ends  of  the  2 outer  tiers,  so  that  each  set 
of  joists  forms  a continuous  tie  from  one 
side  wall  to  the  other,  to  take  up  the  outward 
thrust  of  the  roof;  and  the  joists  are  sup- 
ported under  the  lapped  ends  on  a set  of 
girders,  built  up  out  of  4 thicknesses  of 

2 x 10-  or  2 x 12-inch  joists,  built  up  con- 
tinuously from  one  end  of  the  barn  to  the 
other  with  as  few  lengths  of  plank  as  possible 
and  all  end  joints  broken,  so  that  there  will  be 
not  more  than  one  end  joint  at  any  one  place 
along  the  length  of  the  barn.  These  floor 
beams  are  supported  by  posts  or,  preferably, 
iron  columns,  which  are  so  placed  that  they 
will  intersect  with  the  line  of  stanchions 
and  the  partitions  between  the  stalls,  and 
rest  on  concrete  piers  below  the  concrete  floor. 


, Stay  bracing.  As  this  article  is  written 
more  particularly  for  the  inexperienced 
builder,  it  may  be  well  to  mention  that  as 
soon  as  the  studding  are  set  in  place,  they 
should  be  well  braced  against  wind,  and  as 
soon  as  the  joists  are  in  place,  more  braces 
should  be  added.  These  braces  should  re- 
main until  the  siding  is  in  place  and  the  roof 
has  been  completed,  when.they  may  be  taken 
out. 


Framing 
ne  set  of  i 


the  roof.  In  framing  the  roof 
one  set  of  rafters  is  carefully  laid  out  on  the 
hay-mow  floor  or  other  convenient  level 
platform;  and,  after  the  exact  length  of  each 
piece  is  computed,  these  are  used  as  pat- 
terns, and  the  required  number  of  pieces  are 
cut  from  this  one  set  of  patterns.  When  all 
rafters,  braces,  ties, 
and  collar  beams  have 
been  cut,  each  set  of 
rafters,  braces,  ties, 
etc.,  isspiked  together, 
so  as  to  form  a com- 
plete arch  rib  which 
will  reach  from  the 
plate  of  one  side  wall 
to  that  of  the  other. 

The  best  method  of 
procedure  is  to  build 
all  of  these  arches  laid 
flat,  one  on  top  of  the 
other,  on  the  building. 

The  ends  of  one  arch 
(the  heels  of  the  lower 
rafters)  are  raised  to 
the  wall  plates  and 
then  the  point  of  the 


Fig.  533.  Side  elevation 
of  plank-truss  bam  con- 
struction showing  details. 


arch  is  hoisted  to  a vertical  line,  plumbed 
and  spiked  into  place,  and  braced. 

Each  arch  is  nailed  to  several  sheathing 
boards,  which  are  used  as  guides  and  ties  to 
secure  the  arches  as  soon  as  they  are  raised; 
and  each  arch  is  braced  to  the  studding  as 
soon  as  set  in  place.  These  arches  can  be 
raised  and  set  in  place  by  3 or  4 men,  while 
with  the  old  method  of  heavy  purlin-and- 
post  construction,  10  or  15  would  be  necessary 
to  help  hoist  the  heavy  frame. 

This  type  of  frame  has  the  advantage 
of  requiring  less  material  and  labor  than 
the  heavy  timber  frame;  it  is  just  as 
strong,  and  it  forms  a mow  without  any 
obstruction. 


Braced-rafter  construction  for  basement  bams.  If  a superstructure  of  the 
braced-rafter  type  is  built  on  top  of  a basement  of  wood  or  masonry  walls,  the 
joist  of  the  floor  which  also  forms  the  basement  ceiling  are  set  in  place  and  the 
flooring  is  laid  to  within  about  12  inches  of  the  outside  edge.  This  floor  can  then 
be  used  as  a working  platform  upon  which  to  build  the  braced-rafter  bam. 

Each  set  of  studding,  lower  rafters,  and  upper  rafters  are  all  completely  nailed, 
together  with  the  braces  and  tied  at  the  comers,  so  as  to  form  a complete  arch; 
and  these  arches  are  raised  into  place  one  at  a time,  starting  at  one  gable  end  which 
is  raised  and  braced  first. 
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With  this  method  of  raising,  no  scaffold  is  required,  but  each  arch  should  be 
well  stay-lathed  as  soon  as  it  is  raised  and  plumbed.  It  saves  labor  in  framing, 
as  all  the  heavy  nailing  is  done  on  the  floor  instead  of  in  the  air. 

In  this  type  of  barn,  the  double  plate  at  the  top  of  the  studding  is  omitted, 
and  this  joint  is  tie-braced  just  as  the  joint  between  the  lower  and  the  upper 
rafters  is  framed. 

The  narrow  matched  siding  running  horizontally  is  preferred,  as  it  ties  the 
arches  together  at  the  studding,  just  as  the  sheathing  ties  them  together  at  the 
rafters.  If  vertical  siding  is  desired,  place  continuous  2 x 4-inch  nailing  girts 
on  the  face  of  the  studding,  and  break  joints  so  that  the  girts  will  form  a contin- 
uous hoop,  or  tie,  around  the  building. 


Gable-end  bracing.  The  gable  ends  of 
the  braced-rafter  barn  should  be  braced 
by  using  double  2 x 12-inch  plates  on  top 
of  the  lower  studding;  and  these  gable  plates 
should  be  braced  across  the  corners  to  the 
plates  of  the  side  walls  with  2 x 10  plank  or 
with  two  2 x 6’s  nailed  together,  so  that  one 
sets  on  edge  and  the  other  lies  flat,  thus  being 
stiffened  against  hay  pressure  from  both 
directions.  The  gable  above  the  plate  is 
braced  by  running  2 x 12-inch  braces  from 
the  studding  to  the  girders  supporting  the 
mow  floor.  These  braces  may  be  braced 
back  to  the  gable,  to  counteract  the  hay 
pressure  (Fig.  630).  Fig.  628  illustrates  the 
method  of  framing  the  ends. 

Ventilation  flues  for  braced-rafter  bams. 
Wherever  foul-air  flues  are  to  be  built  into 
the  side  walls,  they  may  be  easily  formed  by 
substituting  2 x 12-inch  studding  in  place 
of  the  regular  2 x 6-inch  size,  to  form  the 
sides  of  the  flue;  also,  2 x 12-inch,  should  be 
used  for  the  lower  rafters  and  braces  at  the 
late  at  all  places  in  the  roof  containing  these 
ues. 

After  the  siding  and  sheathing  have  been 
placed  on  the  outside  face  of  the  studding 
and  rafters  respectively,  cover  this  surface 
(inside  the  flue)  with  building  papers  and 
over  this  paper  surface  place  another  thick- 
ness of  matched  boards,  running  vertically, 
to  form  the  outside  wall  of  the  flue. 


Construct  the  wall  of  the  flues  exposed 
to  the  interior  of  the  bam,  built  in  sections, 
by  nailing  together  two  thicknesses  of  dressed 
and  matched  boards,  with  building  paper  be- 
tween, the  boards  of  one  thickness  running 
at  right  angles  to  those  of  the  other  thick- 
ness; and,  after  well  nailing,  place  these 
sections  against  the  interior  edges  of  the 
2 x 12  studding  and  nail  in  place,  so  that 
the  boards  on  the  inside  of  the  flue  run 
vertically  and  those  on  the  outside  run  hori- 
zontally. 

The  bottom  of  the  foul-air  flues  should 
have  an  air  intake  opening  equal  in  area  to 
that  of  the  flue;  and  there  should  be  another 
opening  of  equal  area  at  the  ceiling  of  the 
room  which  is  to  be  ventilated,  provided  with 
an  air-tight  wooden  cover,  hinged  at  bottom, 
to  swing  out,  and  provided  with  a ratchet 
for  regulating  and  closing  this  opening. 

The  flues  should  extend,  in  an  air-tight 
construction,  to  the  underside  of  the  roof  at 
such  places  as  ventilators  or  cupolas  are 
laced  on  the  roof.  The  flues  should  be 
ept  in  as  nearly  a vertical  and  straight  line 
as  possible. 

The  air  from  the  mow  should  never  be 
taken  out  at  the  same  cupola  or  ventilator 
that  is  expected  to  suck  the  air  out  of  the 
flue.  A separate  ventilator  for  each  flue  will 
always  give  better  results  than  two  flues  run 
into  one  ventilator. 


Plank-truss  construction.  In  certain  parts  of  the  country,  it  is  advisable, 
owing  to  the  long  rainy  seasons,  to  have  bams  with  large  floors  which  may  be  used 
for  threshing  or  for  unloading  the  hay  wagons  within  the  bam  during  wet  weather. 

This  bam  floor,  or  intenor  driveway,  is  most  convenient  if  placed  on  a level 
with  the  mow  floor,  running  crosswise  of  the  bam.  This  requires  very  large  doors 
in  the  side  of  the  superstructure,  which  makes  it  necessary  to  have  the  side  walls 
above  the  mow-floor  level  from  14  to  16  feet  high. 

These  large  openings  also  make  it  necessary  to  concentrate  the  support  of 
the  roof  at  certain  points  (between  the  wide  doors')  on  the  side  walls.  These 
conditions  have  developed  the  plank-truss  type  of  bam  construction  (Figs.  631 
and  632). 


Framing  the  plank-truss  bam.  The  entire 
dead  load,  wind  load,  and  live  load  imposed 
on  the  superstructure  of  this  bam  is  carried 
by  the  plank  trusses,  which  are  spaced  from 


12  to  16  feet  apart.  The  total  weight  is  con- 
sequently very  considerable  and  the  trus- 
ses must,  therefore,  be  built  carefully  and 
strong  and  out  of  good,  sound  material. 
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Also  the  long  members  require  extra  strength 
against  lateral-deflection. 

The  various  members  of  each  truss  are 
bolted  together,  and  upon  each  of  these  bolts 
rests  a large  responsibility.  As  a chain  is  no 
stronger  tnan  its  weakest  link,  so  this  truss 
is  no  stronger  than  its  weakest  joint.  The 
bolts  should  be  carefully  placed,  and  pro- 
vided with  large,  thick  washers  at  the  head 
and  nut  ends,  so  that  the  tightening  of  the 
bolt  will  not  crush  the  wood  fibers  about  the 
bolt  into  worthless  pulp. 

The  trusses,  after  carefully  assembling, 
are  raised  into  position  and  well  braced; 
after  this  the  studding  is  framed  and  set 
up  (Fig.  588) ; then  the  purlin  and  its  braces 
are  placed,  from  a scaffold  built  on  the 
mow  floor;  then  the  rafters  are  set  in  place, 


and  the  bam  is  ready  for  the  inclosing 
lumber. 

The  ends  are  framed  as  shown  in  Fig.  531. 
Since  the  entire  weight  of  this  bam  is  carried 
by  the  trusses,  it  is  not  necessary  to  have  so 
many  wall  studding  between  the  trusses;  and, 
because  the  studs  are  set  farther  apart,  it  is 
economy  to  use  vertical  siding  on  this  type 
of  bam. 

This  type  of  construction  has  been  so  suc- 
cessful in  the  sections  of  the  country  requiring 
a bam  floor,  that,  through  wide  publicity, 
it  has  come  into  very  extensive  use  in  other 
parts  of  the  country  where  the  bam  floor  was 
not  called  for  and  has,  consequently,  been 
omitted.  Under  such  conditions,  the  plank- 
truss  bam  will  cost  about  15  per  cent  more 
than  the  braced-rafter  construction. 


The  One-story  Type  of  Bams 

A great  movement  for  better  bams  is  now  sweeping  over  the  country.  Better 
barns,  however,  not  always  mean  large,  expensively  built,  pretentious  bams. 

The  farmer  who  desires  to  start  with  a small  capital  and,  at  the  same  time, 
build  well  and  along  scientific  lines  whatever  he  does  build,  may  be  interested  in 
the  1-story  type  of  bam  construction,  which  will  cost  very  much  less  to  build 
per  head  of  livestock  capacity  or  per  ton  of  hay  capacity  than  either  of  the  3 
aouble-story  types  previously  described. 

This  1-story  type  of  construction  consists  of  a 1 -story  shed  for  livestock,  de- 
tached from  or  attached  to  a 1-story  shed  for  hay  storage.  Some  of  the  advan- 
tages of  this  type  of  bam  are  the  following: 

Both  sheds  need  not  be  built  at  the  same  time.  If  capital  is  limited,  the  shed 
for  the  livestock  may  be  built  first  and,  if  necessary,  the  hay  may  be  stacked  in 
the  yard  under  a tarpaulin  for  the  first  season.  This  reduces  the  original  cost  to  a 
very  small  amount. 


Fig.  534.  Section  of  a single-story  dairy  cattle  barn  with  ofcrate  floor,  metal  interior  equipment,  doable 
walls  providing  ventilation  flues.  It » arranged  so  that  the  cows  face  inward  toward  a central  feeding  alley.  (See 
Chapter  34  for  advantages  and  disadvantages  of  this  plan.) 
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The  hayshed,  built  to  the  north  of  the  stockshed  and  at  right  angles  to  it, 
forming  an  L,  gives  protection  from  north  winds  to  the  stockshed  and  the  exer- 
cise lot 

The  storage  of  the  hay  on  the  same  ground  level  with  the  stock  saves  labor  in 
filling  the  mow,  because  the  hay  track  is  about  11  feet  nearer  the  ground — a sav- 
ing of  about  60  per  cent  in  hoisting  the  hay  to  the  track. 

Where  first-class  milk  is  produced  in  the  2-story  bam,  requiring  hay  to  be 
thrown  down  from  the  mow  above  to  a dustproof  room  at  one  end  of  bam,  the  1- 
story  bam  saves  labor  in  feeding  hay,  because  it  is  not  necessary  to  climb  up  a lad- 
der to  get  to  the  mow  and  then  to  carry  the  hay  to  the  chute. 

It  is  more  sanitary,  because  more  dust  is  excluded  from  the  cow  bam  by  elim- 
inating the  hay  chute,  and  fewer  odore  from  the  stock  will  reach  the  hay.  The 
ventilating  system  is  better,  because  the  ceiling  is  arched  and  air  can  be  taken 
out  at  the  centre,  when  so  desired.  The  greater  height  of  the  ceiling  gives  a 
greater  air  capacity  per  animal. 

Risk  by  fire  is  lessened,  because  flames  and  heat  will  not  reach  the  stock 
quickly,  giving  more  time  for  driving  out  the  stock;  and,  when  the  wind  is  in  a 
favorable  direction,  there  is  a chance  of  saving  the  stockbam  when  the  hayshed 
bums. 

Risk  of  storm  is  less,  because  the  stock  is  in  a low  building,  and  the  haybam 
does  not  extend  so  high  in  the  air. 

Smaller  timber  may  be  used,  because  a light  roof  is  all  that  the  low  side  walls 
have  to  support;  this,  together  with  the  fact  that  no  heavy  wooden  hay-mow  floor 
is  needed,  reduces  the  cost  very  much. 


Pm.  Oft.  Plane  md  dineoriem  of  a pop cowed  ia«narepit,  ‘whScli 
fat^coneego^with ^wdl-boilt  Uwtodc^ 
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The  Equipment  of  Farm  Buildings 

By  M.  A.  R.  Kelley,  Agricultural  Engineer , in  charge  of  the  Service  Department  of  the  Louden 
Machinery  Co.  He  woe  horn  and  reared  in  an  Iotoa  farming  community  and,  with  the  exception 
of  one  or  two  years,  has  been  always  in  touch  with  farming  and  farm  problems.  Graduating  from 
the  Iowa  State  College,  he  received  degrees  in  both  Mechanical  arid  Agricultural  Engineering.  He 
then  was  for  four  years  in  charge  of  the  agricultural  engineering  work  at  the  University  of  Missouri , 
after  which  he  entered  upon  his  present  activities.  He  is  a member  of  the  American  Society  of 
Agricultural  Engineers  and , inJ916  and  1917 , was  chairman  of  Us  Farm  Building  Equipment 
Committee. — Editor. 

WHY  is  it  that  so  many  farmers  who  take  much  pride  in  the  exterior  appear- 
ance of  their  farm  buildings  manifest  so  little  concern  in  their  interior  ar- 
rangements? On  the  latter  depend,  to  a very  large  extent,  the  health  of  the  stock 
and  the  output  and  value  of  dairy  and  other  products.  When  one  considers  that 
the  bam  or  stable  is  occupied  by  the  animals  for  at  least  half  the  year,  it  is  to 
be  regretted  that,  until  recently,  so  little  attention  has  been  paid  to  such  matters 
as  bam  ventilation,  water  supply,  and  lighting,  each  of  which  is  a vital  factor  in 
the  prevention  of  disease  among  livestock  and  in  successful  production  and  profit- 
able farming. 

While  much  improvement  along  these  lines  has  been  made  during  the  past 
few  years,  a journey  through  the  farms  in  any  of  the  states  will  reveal  to  the  visitor 
the  existence  of  numbers  of  dark,  damp,  ill-ventilated,  and  poorly  equipped  bams, 
which  are  obviously  behind  the  age  with  regard  to  agricultural  progress.  The 
aim  of  the  present  chapter  is  the  remedy  of  such  conditions  by  offering  to  the 
farmer  (1 ) some  useful  hints  on  what  to  avoid  in  farm-building  equipment  and  (2 ) 
some  practical  suggestions,  set  forth  as  simply  as  possible,  in  regard  to  cleanliness, 
sanitation,  and  the  saving  of  labor,  which  together  contribute  so  largely  to  in- 
creased production  and  to  success  in  farming  generally. 

Ventilation 

The  importance  of  proper  ventilation  is  now  recognized  by  all  livestock  farm- 
ers. It  has  been  fully  demonstrated  that  good  ventilation  in  a bam  means  less 
food  consumption,  greater  production,  and  healthier  animals.  There  is  no  single 
factor  of  greater  importance  in  the  control  of  tuberculosis  than  fresh  air;  and  for 
this  reason,  if  for  no  other,  the  question  of  ventilation  is  of  vital  interest  to  all 
dairymen. 
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There  are  4 good  reasons  for  ventilating  a bam:  (1)  to  maintain  proper  tem- 
perature; (2)  to  remove  foul  air  and  the  moisture  of  respiration;  (3)  to  prevent 
spontaneous  combustion  in  the  mow;  and  (4)  to  provide  pure,  fresh  air  for  the 
animals. 

A dairy  cow  requires,  for  proper  ventilation,  approximately  3,600  cubic  feet 
of  air  per  hour,  which  is  only  a little  more  than  that  which  the  natural  heat  from 
her  body  will  raise  from  0 to  50  degrees  F.  Thus,  if  flues  of  proper  size  are  used, 
it  will  be  easy  to  maintain  a temperature  of  45  to  50  degrees  F.  in  the  stable.  The 
temperature  in  a dairy  bam  should  not  be  allowed  to  drop  below  freezing. 

If  the  air  in  a stable  or  dwelling  is  not  changed  with  sufficient  frequency  it 
becomes  so  damp  as  to  interfere  with  the  respiratory  organs.  Dampness  in  a 
bam  is  an  indication  of  poor  ventilation.  Each  animal  respires  10  pounds  of 
water  every  24  hours,  or,  in  other  words,  20  cows  will  give  off  a little  less  than  a 
barrel  of  water  a day. 

Many  fires  on  the  farm,  usually  resulting  in  a total  loss  of  building  and  con- 
tents, are  caused  by  the  storage  of  green  leguminous  hay  in  the  bam.  These  fires 
are  caused,  by  confining  the  heat  and  the  gases  which  are  given  off  during  the 
curing  of  the  hay.  With  proper  ventilation,  these  gases  are  carried  off  as  formed 
and  do  not  reach  the  high  temperatures  which  cause  them  to  ignite. 

Oxygen  is  just  as  important  a part  of  the  nourishment  of  cows  and  horses  as 
the  food  they  eat.  It  is  essential  to  have  plenty  of  pure  air  for  the  lungs  of  all 
animals  and  to  prevent  the  moisture  of  respiration  from  collecting  on  the  walls. 

Four  forces  which  produce  ventilation  are:  (1)  wind  pressure;  (2)  wind  suc- 
tion: (3)  aspiration,  or  wind  across  the  top  of  flue;  and  (4)  difference  in  tempera- 
tures. These  4 forces  must  be  considered  in  the  design  of  any  system  of  ventila- 
tion. 

Ventilation  systems.  The  most  common  and  located  near  the  ceiling.  It  passes  down 
systems  of  ventilation  are  the  Massey,  the  between  the  studding  and  out  through  a 
Howitt,  the  King,  and  the  Rutherford.  These  continuous  slot  just  above  the  sill  with  two  sep- 
are  sometimes  supplemented  by  the  use  of  arate  sets  of  foul-air -flues,  one  set  of  outlets  at 
ventilating  windows  or  canvas  curtains.  In  the  floor  and  one  with  openings  at  the  ceiling, 
all  of  these  systems,  inlet  flues  are  used  to  This  system  can  be  regulated  to  give  good  re- 
bring in  fresh  air,  and  outlet  flues  are  used  to  suits  in  any  kind  of  weather, 
remove  the  foul  air  and  odors  (Fig.  536).  The  King  system  of  ventilation,  which  is 

The  Sheringham  valve,  or  ventilating  the  predominant  system  in  the  United  States, 
window,  is  used  primarily  to  supplement  the  has  for  its  principal  idea  a number  of  small 

King  system  during  mild  weather.  It  con-  intakes  and  one  or  more  large  outlets.  The 

sists  of  a window  tilting  in  at  the  top  and  fresh  air  enters  above  the  sill,  rises  between  the 
provided  with  a shield  on  either  side,  forcing  studding,  and  enters 
the  air  to  go  up  over  the  top,  thus  preventing  the  stable  at  the  ceil- 
direct  draft  on  animals.  ing.  The  outlet  flues 

Ventilation  through  muslin  is  due  to  cur-  start  near  the  floor, 
rent  movement  through  the  meshes  which,  pass  up  inside  of  the 
in  a good  grade  of  muslin,  are  very  small.  If  barn,  through  the 
cheesecloth  is  used,  it  is  short-lived.  In  spite  mow,  and  through 
of  the  fact  that  cloth  is  commonly  used,  it  the  ventilator  on  the 
cannot  be  considered  an  efficient  ventilator,  roof.  The  area  of  the 
The  Massey  system  has  an  inlet  pipe  run-  outlets  is  generally 

ning  from  the  top  of  the  barn  and  opening  made  two  thirds  of 

at  the  bottom  of  the  stable.  A cowl  is  placed  or  equal  to  the  area 
on  this  pipe  through  which  the  wind  blows  of  the  inlets,  depend- 
downward,  giving  a circulation  of  air.  When  ing  on  climatic  con- 
the  wind  is  blowing,  air  is  distributed  in  small  ditions. 
pipes  around  the  stable.  This  system  is  not  In  the  Rutherford 
m common  use,  as  it  depends  principally  upon  system,  which  is  pic.537.  Ventilating  win- 
the  wind  for  its  action.  quite  commonly  used  dow  With"  aide  shields  or 

In  the  Howitt  system  of  ventilation,  the  in  Canada,  the  posi-  cheeks  which  prevent  drafts, 
air  enters  the  bam  through  louvers  or  screened  tions  of  the  air  inlets  ^mbepe^SiOTUy  screened 
openings  extending  the  full  length  of  the  bam  and  outlets  are  just  oo  the  outside. 
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the  reverse  of  those  in  the  King  system.  The 
fresh  air  enters  the  inlet  flues  at  ground  level, 
turns  downward,  passes  inside,  and  rises  into 
the  stable.  The  outlet  flues  start  at  the  ceil- 
ing, pass  up  through  the  mow,  and  out  at  the 
ventilator.  The  total  area  of  outlet  in  this 
system  is  made  twice  that  of  the  inlet. 

Importance  of  proper  flues.  In  order  to 
secure  good  ventilation,  it  is  important  that 
the  flues  be  made  of  proper  size.  The  ac- 
companying table  gives  the  size  of  flue  recom- 
mended for  use  with  the  Rutherford  and  King 
systems  respectively. 


SIZES  OF  OUTLAY  FLUES 

ANIMAL 

RUTHERFORD 

SYSTEM 

KING  SYSTEM 

Horse.  . 

20—24  sq.  in. 
16—20  <7  “ 

36-40  sq. 
30—34  ‘7 

in. 

Cow  . . 

« 

Swine.  . 

8—10  “ “ 

12—14  " 

«« 

Sheep . . 

6—  8 “ “ 

8—  9 41 

<« 

' The  constructon  of  the  flues  in  both  sys- 
tems is  quite  similar,  since  they  must  be  air- 
tight, but  they  differ  in  arrangement.  In  the 
King  system,  it  is  desirable  to  have  intakes 
on  jul  sides,  spaced  about  10  or  12  feet  apart, 
and  made  as  straight  as  possible  with  corners 
rounded.  The  inlet  flue  should  be  provided 
with  a screen  on  the  outside,  to  keep  out 
birds  and  trash,  and  with  a door,  or  register, 
on  the  inner  end,  to  regulate  ventilation. 
It  should  start  far  enough  above  the  ground 
to  prevent  snow  from  closing  the  opening, 
and  the  outer  end  of  the  flue  should  be  at 
least  3 feet  below  the  inner  end. 

The  foul-air  flues  should  be  spaced  not 


over  40  or  50  feet  apart,  and' should  start 
about  18  inches  above  the  floor.  Each  flue 
should  be  made  air-tight  and  provided  with  a 
sliding  door,  or  damper,  for  regulating  the 
size  of  the  opening.  It  should  oe  made  as 
straight  as  practicable  and  should  rise  above 
the  ridge  of  the  roof.  High  outlet  flues  are 
desirable,  as  the  heat  effect  and  suctional  ef- 
fect of  the  wind  increase  with  the  height. 

Although  the  King  system  of  ventilation 
has  been  used  to  some  extent  for  years,  there 
is,  apparently,  considerable  ignorance  con- 
cerning its  principles.  It  is  highly  important 
that  the  size  of  flues  be  properly  proportioned 
to  suit  the  contents  of  the  stable  and  climatic 
conditions.  None  of  the  systems  is  automatic 
but  all  of  them  require  intelligent  supervision 
in  order  to  secure  the  best  results;  and  these 
can  only  be  obtained  by  a knowledge  of  the 
basic  principles  involved. 

In  the  King  system,  the  assumption  is 
that  respired  air,  laden  with  moisture  and  car- 
bon dioxide,  is  heavier  than  air  and  falls  to 
the  floor,  where  it  is  drawn  out  by  the  action 
of  the  wind  over  the  top  of  ventilator,  as- 
sisted by  the  movement  of  air  caused  by  the 
difference  in  temperature  of  the  air  inside  the 
flue  and  outside  of  the  barn. 

The  foul-air  flue  is  provided  with  a valve,  or 
door,  which  opens  into  the  flue  near  the  ceil- 
ing and  permits  warm  air  to  go  directly  out 
during  mild  weather.  This  valve  is  an  im- 
portant item  and  should  not  be  omitted,  as 
it  enables  the  system  to  be  adapted  to  the 
weather  conditions. 

The  question  is  not.  Do  I need  ventilation? 
but,  How  can  I secure  best  results?  A care- 
ful study  of  the  foregoing  paragraphs  should 
help  in  answering  this  question. 


Water  Systems  for  the  Bam 


There  is  no  factor  of  greater  importance  in  fanning  and,  perhap  none  more 
often  neglected,  than  that  of  providing  suitable  drinking  water  for  farm  animals. 
Our  ideas  of  sanitation  are  advancing,  however;  and,  in  the  future,  greater  care 
in  the  production  of  all  foodstuffs  will  be  demanded.  Especially  will  this  be  the 
case  in  regard  to  a pure  water  supply  in  the  dairy,  since  it  bears  such  an  intimate 
relation  to  the  general  health  of  mankind  and  particularly  to  that  of  the  young 
child. 


Water  storage.  There  are  many  sources 
from  which  a good  supply  of  water  may  be 
obtained,  and  when  this  has  been  secured  the 
question  of  storage  comes.  Two  systems 
of  water  storage  are  especially  connected 
with  the  barn;  (1)  the  elevated  tank  on  the 
silo  structure  ana  (2)  the  tank  within  the 
barn. 

(1)  The  masonry  silo,  of  tile  or  concrete, 
provides  an  excellent  means  of  supporting 
an  elevated  water  tank.  In  this  way,  the 
additional  cost  of  elevation  is  very  little  and 
the  tank  does  not  interfere  with  the  use  of 
the  silo.  This  form  of  water  storage  pro- 


vides the  farmer  with  the  luxury  of  a city 
waterworks  and  good  fire  protection  on  his 
own  grounds. 

The  water  tank  should  not  be  made  larger 
than  necessary  and  its  construction  should 
be  left  to  those  who  are  familiar  with  this 
kind  of  work.  The  accompanying  cut  and 
diagram  (FigB.  538  and  539)  show  how  such  a 
tank  has  been  utilized  and  the  construction  of 
the  same.  This  system  is  as  yet  but  little 
known;  but,  with  the  increased  use  of  the 
masonry  silo,  we  may  expect  to  see  a greater 
number  of  elevated  tanks  in  the  future. 

There  is,  however,  one  drawback  in  using 
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this  system  in  northern  states:  it  is  difficult 
to  keep  the  pipes  from  freezing  during  cold 
weather.  This  difficulty  may  be  partially 
overcome  by  insulating  the  pipes  with  ... 
straw  or  sawdust.  If  fresh  water  from  the  .«  oflr1 
well  is  pumped  up  each  day,  the  warm 
water  from  the  well  will  tend  to  lessen  the 
danger  from  freezing. 

The  arrangement  partly  illustrated  in 
Pig.  639  tends  to  keep  pipes  from  freezing: 

A three-fourth  inch  pipe  is  placed  within  a 
2-inch  water  pipe,  the  upper  end  running 
above  the  water  level,  and  the  bottom  end 
running  to  the  base  of  the  silo.  The  lower 
end  is  provided  with  suitable  fitting  and  a 
shield  opening  into  the  pipe.  Below  this 
shield  a lantern  may  be  hung  on  cold  - 


shield  a lantern  may  be  hung  on  cold  r D 
nights  the  warm  air  from  which,  ris-  p 
ing  through  the  pipes  will  diminish  the  np 

chances  of  freezing  and  in  case  of  freez- 
ing will  also  help  to  thaw  them  out. 

(2)  A tank 

* placed  inside  of  |j= 

the  bam  on  the  ( 

mow  floor  may  FIG” 

be  used  for  water 
storage.  In  this  posi- 
tion it  can  be  packed 
with  hay,  which  lessens 
the  danger  from  freez- 
ing. Eave  troughs 
placed  on  the  barn  can 
easily  be  run  into  this 
h^Tlirffff]i‘iliq  tank.  Such  water  is 
usually  cleaner  than 
that  obtained  from  the 
roof  of  a house,  as  the 

mo.  538.  Water  tank  ba™  r°°f  Er0m 

elevated  on  maaonrybase  SOOt.  XI  a filter  D6  pro- 
which  can  be  used  as  a vided,  the  water  may 
silo  or  storage  building.  ^ UBed  fQr  fr1ITnftn  con_ 

sumption. 

Watering  stock.  The  methods  of  water- 
ing stock  on  a farm  may  be  divided  into  2 
classes;  (1)  the  open-tank  method  in  the 
feed  lot,  and  (2)  the  various  methods  inside 
the  bam. 

(1)  The  water  tank  in  the  feed  lot  is 
widely  used.  It  is  convenient,  and  low  in 
first  cost;  but  when  water  is  stored  in  it  for 
any  length  of  time,  it  becomes  stale,  and 
affords  an  excellent  breeding  place,  for  dis- 
ease germs.  Diseased  animals  slobber  in 
the  tank  and  infect  other  animals.  Water  is 


Section  of  Con- 
crete Door  frame 


Window  . 
20*-22* 


elevated  on  masonry  baa 
which  can  be  used  as 
silo  or  storage  building. 


known  to  be  a carrier  of  tuberculosis,  glan- 
ders, and  contagious  abortion,  all  of  which  are 
greatly  dreaded  by  herdsmen.  It  has  been 
estimated  by  some  authorities  that  65  per 
cent  of  the  tuberculosis  found  among  cattle 
in  the  United  States  has  been  transmitted 
through  water. 

A green,  mossy  formation  gathers  on  the 
side  of  an  open  tank,  but  this  may  be  pre- 
vented by  cleaning  and  scrubbing  the  tank 
once  a month.  Another  method  which  does 
not  involve  so  much  labor,  but  which  should 


Fig.  539.  Section  of  a hollow  tile  water  tank  built  on  top  of  a 
tile  or  concrete  silo,  the  roof  of  which  is  shown 

posi-  not  entirely  replace  the  periodic  cleaning,  is 

eked  the  use  of  copper  sulpnate  in  the  water, 

sens  Place  a small  amount  of  the  crystals  in  a 
reez-  cloth  bag  and  drag  this  back  and  forth  through 
ghs  the  water  a few  times.  This  will  prevent 
can  the  mossy  formation. 

this  Outside  open  water  tanks  are  objection- 
ir  is  able  in  the  winter,  as  it  is  difficult  to  keep 
han  ice  from  forming  in  them.  A cow  should 
the  never  be  required  to  drink  icy  water,  as  she 
the  will  drink  only  enough  to  satisfy  her  thirst 

:rom  and  never  enough  to  keep  up  her  millr  pro- 

pro-  duction.  This  is  a 

may  direct  economic  loss.  I M 

con-  Covered  tanks  help  I 1 
to  keep  the  water  from  I m ft 

iter-  freezing.  There  are  I 

to  2 many  forms  of  D j 

the  tank  heaters  on  the  n I v| 

iside  market,  but  they  are 
more  or  less  trouble- 

>t  is  some.  Most  of  them  ttL*  ° fg 

v in  need  to  be  fired  from  saBll| 

; for  the  top,  and  it  is  un-  if 

and  handy  to  take  out  the  I]  b "B  a f7 

dis-  ashes.  Water  heaters  ll 

r in  are  sometimes  built 

er  is  into  concrete  tanks;  "c  ^ • ' 

;lan-  but  these  also,  are  TT  , 

!if®  FT  °r  lea8 

seen  factory,  since  the  heat  ing  a windmill.  When  the 

per  causes  the  concrete  to  tank  overflows  through  a 

ifflo  fiTnand  and  pontrset  into  the  bucket  (ft),  this 

wue  expana  ana  contract,  ginks  and  stops  the  mill  by 

tted  and  this  soon  results  pulling  the  shut-off  wire  (a) 

in  a leak.  Where  steam  put  a small  hole  in  its 

the  is  used  in  a dairy,  a *)0ti0mn  cts  the  water 

. gradually  run  off  through 

pre-  pipe  may  be  run  to  the  the  drain  (c).  When  ft  is 

bank  tank  and  live  steam  empty,  the  vane  action 

don  turned  on.  This  will 
ould  warm  a large  tank  of  flows. 


Fig.  540.  Handy  auto- 
matic device  for  controll- 
ing a windmill.  When  the 
tank  overflows  through  a 
into  the  bucket  (ft),  this 
sinks  and  stops  the  mill  by 
pulling  the  shut-off  wire  (a) 
But  a small  hole  in  its 
bottom  lets  the  water 
gradually  run  off  through 
the  drain  (c).  When  ft  is 
empty,  the  vane  action 
lifts  it  and  holds  it  up 
until  the  tank  again  over- 
flows. 
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Fig.  541.  Well  sections  show  comparative  chances  of 
contamination  in  four  types.  The  deepest  water  supplies 
are  usually  the  safest.  (Farmers’  Bulletin  549.) 


water  flows  freely  and  intermingles  between 
the  bowls.  There  is  no  outlet  except  through 
the  cows.  The  water  bowls  usually  contain 
less  than  a thirsty  cow  will  drink;  hence 
whenever  a cow  quenches  her  thirst,  water  is 
drawn  from  the  governing  tank  and  adjacent 
bowls.  Lids  on  the  bowls  help  to  keep  out 
dirt. 

This  system  is  very  convenient,  but  dan- 
gerous. Animals  with  a contagious  or  infec- 
tious disease  drink  and  deposit  germs  in  the 
bowls,  where  they  mingle  with  tne  saliva  and 
feed  and  surge  back  and  forth  in  the  pipes. 
These  germs  soon  propagate,  causing  the 
bowls  and  pipes  to  become  unsanitary, 
and  the  pipes  are  very  difficult  to  clean. 

It  is  said  that,  when  cows  have  free  access 
to  water  at  all  times  they  drink  at  least  10 
per  cent  more  at  night  after  eating  than  they 
do  in  the  daytime.  Under  these  conditions, 
it  is  not  hard  to  see  why  those  farmers  who 


water  in  5 minutes  and.  if  covered,  it  will 
keep  warm  for  some  time. 

It  is  not  advisable  to  store  large  quantities 
of  water  in  an  open  tank  inside  a stable,  as  the 
water  will  quickly  absorb  the  stable  odors 
and  be  unfit  for  use.  If  open  tanks  are  used 
in  a stable,  small  tanks  should  be  used  and 
means  provided  for  renewing  the  supply 
frequently.  The  writer  recently  visited  two 
bams  winch  were  fortunate  enough  to  have 
running  spring  water  under  pressure  in  the 
barn.  This  is  an  excellent  method  for  water- 
ing, but  very  few  farms  are  so  fortunately 
situated. 

A dairy  cow  requires  8 gallons  of  water  in 
the  production  of  10  gallons  of  milk,  besides 
the  water  she  needs  to  keep  up  her  body. 
It  does  not  pay  to  use  high-pnced  feed  to 
increase  milk  production  and  neglect  the 
opportunity  of  obtaining  an  increase  cheaply 
by  providing  an  abundance  of  pure  water. 
It  will  pay  any  dairyman  to  see  that  his  cows 
are  not  required  to  go  outside  in  stormy 
weather  to  drink.  It  has  been  found  that 
water  of  a temperature  of  65  to  60  degrees  F., 
or  the  temperature  of  well  water,  gives  best 
results.  Watering  in  a concrete  manger  is 
better  than  driving  cows  outside  during  bad 
weather,  but  this  method  is  far  from  sani- 
tary. Water  is  usually  run  into  the  manger 
twice  a day.  All  the  cows  drink  from  the 
same  supply  and  often  do  not  secure  all  they 
want  and  at  the  time  they  want  it.  The 
water  washes  down  dirt,  salivated  feed, 
slobber,  etc.,  to  the  cows  at  the  lower  end  of 
the  manger. 

Gravity  water  bowls.  By  the  gravity 
system  of  water  bowls,  one  bowl  usually  serves 
two  cows.  This  system  requires  only  one  main 
water  pipe.  The  bowls  are  clamped  to  the 
stall  post  and  at  a uniform  height.  One  end 
of  the  water  main  is  attached  to  a governing 
tank  containing  a float  valve,  which  controls 
the  height  of  the  water  in  the  bowls.  The 


Fig.  542.  A simple  but  effective  method  of  protecting  a 

dug  well,  which  also  keeps  the  ground  around  it  dry 

have  installed  automatic  water  bowls  in  their 
bams  have  been  able  to  increase  their  milk 
production  5 to  15  per  cent. 

Automatic  water  bowls.  Automatic  water 
bowls  (Fig.  543)  are  of  two  types.  One  has 
outlet  pipes  or  drains,  the  other  has  no 
drains.  Both  are  actuated  by  some  form 
of  trigger  work,  which  is  operated  by  the 
cow.  The  one  without  the  drain  provides 
for  an  individual  drinking  cup;  but  this  is 
little  better  than  the  gravity  bowl,  as  the  feed 
and  saliva  collect  in 
the  bowl  and  are 
stirred  up  each  time  a 
cow  drinks.  In  order 
to  be  strictly  sanitary, 
water  must  be  ad- 
mitted at  each  drink- 
ing, and  all  excess 
water  drained  away 
when  the  cow  has 
finished  drinking.  The 
inlet  pipe  should  be 
above  the  highest  level 
in  the  bowl,  and  in  the 
bottom  of  the  bowl  a 
drain  should  be  placed. 

Water  pipes  should 
be  placed  in  trenches 
to  prevent  them  from 
freezing  in  cold  clim- 
ates, and  they  should 
be  provided  with  frost- 
proof hydrants.  All 


Fig.  543.  Individual 
drinking  bowls  are  more 
costly  than  a common 
tank  for  all  the  stock,  but 
one  valuable  cow  saved 
from  disease1  by  means  of 
them  would  more.  • than 
balance  the  account. 
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Pig.  544.  A concrete  watering  trough  is  permanent 
and  can  easily  be  kept  clean.  It  should  be  conveniently 
placed  and  well  sheltered. 


pipes  should  be  of  galvanized  wrought  iron  and 
of  such  sizes  as  to  allow  a free  flow  of  water. 
Not  more  than  one  outlet  should  be  used  on  a 
half-inch  pipe;  and  all  valve  and  drain  cocks 


should  be  set  in  gravel,  so  that  they  will  drain 
easily. 

The  tuberculin  test  is  of  value  in  detecting 
a diseased  animal,  but  it  does  not  prevent 
her  from  infecting  another.  We  have  seen 
how  contagious  abortion  and  tuberculosis 
may  be  transmitted  through  methods  of 
watering  and  feeding,  hence  we  cannot  be 
too  careful  in  choosing  our  system  of  watering. 

In  estimating  the  amount  of  water  necessary 
for  bam  use,  the  following  data  will  be  of 
value:  A horse  requires  8 to  10  gallons  per 
day;  a cow,  10  to  15  gallons;  a hog,  2J  to  8 
gallons;  and  a sheep,  about  2 gallons.  A 
dairy  cow  requires  water  in  proportion  to  the 
amount  of  milk  given,  the  ratio  being  about 
2}  pounds  of  water  for  each  pound  of  milk. 


Labor-saving  Appliances 


The  modem  agriculturist  no  longer  builds  in  a hit-and-miss  fashion.  He  care- 
fully plans  his  buildings  and  equipment  so  as  to  secure  the  greatest  possible  re- 
turns on  his  investment.  Breeders  of  high-grade  livestock  find  that  it  pays  to 
use  first-class  equipment,  complete  in  every  detail,  as  this  makes  a favorable  im- 
pression on  prospective  buyers.  Producers  of  certified  milk,  too,  find  that  they 
are  able  to  secure  more  customers  and  better  prices  by  using  sanitary  equipment. 
But  the  wide  use  of  modem  bam  equipment  on  the  average  farm  is  largely  due 
to  the  saving  of  feed  and  labor  and  the  additional  comfort  for  the  animals  result- 
ing from  its  employment. 

Good  bam  equipment  is  no  longer  considered  a luxury,  but  a necessity  which 
pays  daily  interest  on  investment  by  saving  material,  time,  and  labor.  The  vari- 
ous labor-saving  devices  for  the  bam  may  be  divided  into  3 classes:  (1)  conven- 
iences for  handling  feed  and  litter;  (2)  conveniences  for  handling  stock;  and  (3) 
miscellaneous  conveniences,  which  help  to  in- 
crease the  efficiency  of  the  bam. 

Hay  tools.  The  hay  carrier  was,  perhaps, 
the  first  important  labor-saving  device  in- 
vented for  use  in  the  barn.  It  made  possible 
the  storage  of  large  quantities  of  hay  in  the 
barn  and  has  introduced  more  econ- 
omical types  of  construction  for  hay 
storage.  Indeed,  no  large 
modern  barn  is  complete 
without  one 


The  scarcity  of 
labor  during  the 
haying  season 
and  the  increas- 
ed value  of  hay 
make  it  imper- 
ative that  we 
use  every  means 
available  to  fa- 
cilitate the 
handling  and 
the  saving  of 
the  hay  crop. 

The  original 
hay  carrier  was 
operated  on  a 
wooden  track, 


Fig.  545.  An  excellent  example  of  the  use  of  labor  saving  appliances.  Four  men  and  an 
extra  team  could  not  unload  and  stow  hay  as  fast  or  as  well  as  this  one  man  can  by  using 
the  hay  carrier  rigging  and  hoisting  engine. 
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and  this  is  still  used  in  some  localities.  The 
steel  track,  of  which  there  are  many  forms  on 
the  market,  makes  the  carrier  much  easier  to 
operate,  and  is  greatly  superior  to  the  wooden 
one.  Simplicity,  durability,  and  strength  are 
3 important  factors  to  consider  in  the  selection 
of  a hay  carrier.  It  should  be  simple,  so  as  to 
be  easily  understood  and  operated.  It  must  be 
durable  and  strong  enough  to  support  the 
loads.  Breakage 
during  the  haying 
season  is  expensive 
because  of  loss  of 
time  in  repairing 
and  this  delay  may 
very  easily  cause  a 
partial  or  a com- 
plete loss  of  the  hay 
crop,  in  case  of  a 
sudden  storm. 

Hay  forks.  The 
different  hay  forks 
which  are  suitable 
for  bam  use  may 
be  divided  into  5 types:  (1)  single  harpoon; 
(2)  double  harpoon;  (3)  triple  harpoon;  (4) 
grapple  fork;  and  (6)  sling. 

The  single  harpoon  (Fig.  547a)  is  the  original 
hay  fork.  It  will  do  good  work  in  long,  heavy 
timothy  hay  and  where  the  hay  is  carefully 
loaded  and  handled  in  small  bunches.  It  is 


Fig.  546.  The  hay  carrier 
is  one  of  the  most  important 
items  in  the  storage  bam 
equipment. 


not  so  successfully  used  in  clover  or  alfalfa, 
especially  when  the  hay  is  dry.  The  double 
harpoon  (Fig.  547c)  has  been  on  the  market 
for  years,  and  will  do  good  work  in  timothy 
hay  and  under  average  farm  conditions. 
The  triple  harpoon  (Fig.  547c)  is  a later  in- 
vention. This  fork  is  much  stronger  than 
the  double  harpoon,  and  will  lift  larger  loads 


and  bring  them  closer  to  the  track.  It  is 
durable  and  a light  fork  to  handle,  and  is 
good  for  general  conditions. 

The  grapple  fork  (Fig.  548)  is  the  most 
widely  used  type  of  all,  and  works  similar 
to  a pair  of  ice  tongs.  It  handles  all  kinds  of 
forage  under  practically  all  conditions.  It 
can  be  used  for  alfalfa,  clover,  straw,  or  grain 
in  bundles.  The  8-tine  fork  may  be  used 
for  manure.  This  fork  increases  in  popularity 
each  year. 

The  sling  (Fig.  549)  is  used  for  handling 
hay  in  large  loads.  It  handles  the  hay  quickly 
and  cleans  the  rack  perfectly.  It  consists 
primarily  of  a set  of  parallel  ropes,  held  apart 
by  wooden  spreader  bars,  ana  is  made  m a 
great  variety  of  styles.  It  is  built  into  the 
load  at  the  time  of  loading.  It  requires  large 
door  openings  and  good  clearance  over  beams. 

The  various  types  of  forks  require  different 
sizes  of  hay  doors,  in  order  to  get  good  clear- 
ance. The  single  harpoon  may  be  used  in  a 
door  as  small  as  5 x 7 feet.  The  6x8  size  is 
better,  as  it  causes  less  binding.  A door 

8 x 10  may  be  used  for  the  double  harpoon, 
while  the  triple  harpoon  requires  a door 

9 to  10  feet  wide  and  10  feet  high.  A door 
9 to  10  feet  wide  and  10  to  11  feet  high  should 
be  used  with  the  grapple  fork;  and,  when 
slings  are  used,  the  door  should  be  10  x 12 
feet. 

Power  hoist  The  power  hoist  (Fig.  645) 
is  rapidly  coming  into  use  where  large  quan- 
tities of  nay  are  nandled.  It  is  conveniently 
and  easily  operated,  and  saves  much  time 
and  labor  during  a busy  season.  It  displaces 
a man  and  a team  which  are  necessary  when 
hoisting  with  horses.  The  horsepower  re- 
quired depends  upon  the  size  of  the  load  and 
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Pig.  548.  The  grapple  type  of  hay  fork  is  probably  the 
best  of  all  for  mixed  and  miscellaneous  hays 


the  speed  of  the  engine. 
3 to  5. 


It  is  usually  from 


The  value  of  the  power  hoist  is  greatly 
increased  by  the  fact  that  after  haying  season 
it  can  be  mounted  with  a portable  engine  and 
used  for  general  farm  purposes,  such  as  digging 
wells,  elevating  grain  in  sacks  or  boxes, 
constructing  silos,  hoisting  silage  from  pit 
silos,  etc. 

Feed  and  litter  carriers.  Anything  that 
adds  to  milk  production  or  makes  it  more 

Erofitable,  is  of  importance  to  the  dairyman. 

.itter  and  feed  carriers  are  great  conveniences 
which  aid  in  cutting  cost  by  reducing  the 
time  and  labor  required  for  the  barn  chores. 
The  hay  carrier  cuts  labor  and  time  during 
the  haying  season,  and  is  now  recognized  as 
a necessity;  but  feed  and  litter  carriers  are  of 
even  greater  importance,  since  they  save  time 
and  labor  in  the  daily  tasks. 

By  using  a litter  carrier,  manure  may  be 
dumped  directly  into  a manure  spreader  and 
taken  to  the  field  with  only  one  handling.  It 
enables  a boy  to  do  a man’s  work,  and  thus  de- 
creases the  hired  help  needed.  It  has  often 
been  proved  that  it  cuts  the  labor  of  cleaning  a 
bam  m half.  The  old  wheelbarrow  is  still  used 
in  many  barns,  but  it  is  a disagreeable  method 
of  handling  manure.  By  this  method  the 
manure  is  usually  dumped  in  piles  near  the 
bam,  requiring  a second  handling  before  it  is 
put  in  the  field.  With  the  modem  litter 
carrier,  manure  may  easily  be  deposited  50 
feet  or  more  from  the  bam.  The  sanitary 
laws  of  many  states  require  the  observance  of 
this  distance,  which  takes  the  filth  away  from 
the  bam  and  helps  to  decrease  the  number  of 
flies. 

Carrier  tracks.  In  order  that  both  feed 
and  litter  carriers  may  last  longer  and  be 
operated  more  easily  under  heavy  loads,  the 
trolleys  used  should  have  roller  bearings 
and  should  run  on  a solid  steel  track.  There 
are  two  general  types  of  steel  tracks  used  for 


litter  carriers;  namely,  the  rigid  steel  track, 
of  which  there  are  many  forms  on  the  market, 
and  the  steel-rod  track.  The  steel-rod  trade 
may  be  used  in  the  small  dairy  bam,  and  is 
cheaper;  but  it  is  not  advisable  where  curves 
and  switches  are  necessary.  The  rigid-steel 
track  may  be  used  anywhere,  and  it  provides 
a good  strong  support  for  the  heavy  loads. 
Moreover,  it  is  much  easier  to  load  a carrier 
on  a rigid  track. 

. There  are  now  on  the  market  several  com- 
bination track  systems  which  combine  the 
advantages  of  the  rigid  track  inside  the  bam 
with  the  advantage  of  the  rod  track  outside 
the  bam.  By  this  system  enough  momentum 
can  be  given  the  carrier  to  take  the  load  away 
from  the  bam  and  return  the  carrier  by  gravity 
without  the  necessity  of  the  operator  leaving 
the  bam.  This  system  is  suitable  for  small 
installations;  but  the  rigid-track  system  is 
best  for  large  installations,  where  numerous 
switches  and  curves  are  required. 

Feed  carriers  may  be  run  on  the  same  track 
as  litter  carriers  and  may  be  either  of  two 
types.  Of  these  types  one  runs  on  tracks 
hke  litter  carriers;  the  other  has  a feed  box 

E laced  on  a truck  which  runs  on  the  floor. 

Soth  types  are  widely  used.  The  floor  trucks 
may  be  conveniently  used  when  the  feed  is 
stored  in  the  bam  and  the  floors  are  of  the 
same  level.  Outside  the  bam,  it  is  much 
easier  to  use  the  track  carrier,  which  is  more 
generally  employed  than  the  floor  feed  truck. 
These  carriers  are  made  in  various  sizes  and 
forms,  to  fit  the  conditions  found  on  different 
farms.  A carrier  will  hold  enough  silage  to 
feed  25  or  30  cows;  and  by  this  means  one 
man  can  feed  100  cows  as  quickly  as  another 
man  can  feed  50  or  leas  by  the  old  basket 
method. 

Carriers  may  also  be  obtained  for  handling 
milk  cans  and  other  forms  of  merchandise. 
These  help  to  cut  down  the  time  and  labor  of 
transporting  milk  from  the  bam  to  the  dairy. 

Mangers.  Sanitary  daily  bams  have  been 
made  possible  by  the  use  of  concrete  mangers 
and  steel  stalls.  Concrete  is  rapidly  replacing 
wooden  mangers  and  other  wooden  and,  there- 
fore, more  or  less  unsanitary  parts  in  the  dairy 
bam.  Wood  forms  an  excellent  harbor  for  dis- 
ease germs  and  other  bacterial  life,  which  pene- 
trate the  cracks  and  crevices  and  lie  dormant 
until  conditions  favor  their  propagation. 

A properly  constructed  manger  is  a very 
important  factor  in  maintaining  the  health 
ana  comfort  of  the  animal.  Wide,  flat-bottom 
mangers  are  not  advisable,  as  it  is  very  hard 
for  the  cow  to  reach  her  food  in  them.  In 
attempting  to  do  so  she  often  slips  on  the 
floor  and  injures  her  knees,  which  is  the 
cause  of  big  knees.  She  may  also  easily 
strain  herself  and  cause  abortion. 

The  shape  and  size  of  the  mangers  deter- 
mine whether  a cow  can  eat  in  comfort.  The 
bottom  should  slope  and  be  rounded,  so  that 
the  feed  will  roll  down  within  easy  reach. 
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Fig.  549.  Hay  slings  do  more  and  cleaner  work  than  any  of  the 
forks,  and  the  trouble  of  arranging  them  on  the  load  in  the  held  is 
not  worth  mentioning. 


The  surface  of  the  concrete  should 
be  made  as  smooth  as  possible  and 
all  comers  be  rounded  off,  so  as  not 
to  hold  dust  and  filth.  Three  differ- 
ent mangers  are  widely  used 
throughout  the  United  States  and 
have  become  standard  among  dairy- 
men. One  of  these  is  a manger 
which  is  adopted  under  crowded 
conditions,  and  it  is  as  small  a 
manger  as  can  be  conveniently 
used.  This  manger  has  the  dis- 
advantage of  a raised  or  high  feed 
alley,  and  the  food  is  pushed  out 
into  the  alley  with  the  same  results  as  pre- 
viously mentioned.  The  cows  attempt  to 
reach  it,  and  in  so  doing  very  often  injure 
themselves.  This  type  of  manger  is  preferred 
by  some  farmers,  however,  because  it  is  easy 
to  sweep  the  food  back  into  the  manger. 
This  is  bad  practice,  as  dirt  and  other  filth 
are  thus  drawn  into  the  manger  and  mixed 
with  the  food.  Another  manger  is  of  standard 
size  for  the  average  cow  and  for  average  con- 
ditions, while  a third  is  used  for  large  cows 
and  where  a higher  manger  is  desired.  The 
last-mentioned  type  is  easily  kept  clean;  the 
feed  is  always  within  reach  of  the  animal,  and 
the  curve  of  the  manger  is  the  approximate 
curve  described  by  the  cow’s  nose  in  raising  and 
lowering  her  head.  The  first  and  third  types 
are  shown  in  Vol.  I,  Fig.  613. 

Stanchions.  Comfort  for  the  dairy  cow 
pays  big  dividends.  A cow  is  a nervous  ani- 
mal, and,  when  ill  treated,  will  not  produce 
well.  When  held  in  a stiff  and  rigid  stanchion, 
she  will  not  give  her  full  quantity  of  milk; 
and,  when  held  in  this  way  for  any  length  of 
time,  she  will  soon  become  stiff  and  lame. 
The  old-style  wooden  stanchions  were  not 
only  inhuman  and  uncomfortable,  but  they 
were  unsanitary  also. 

The  best-paying  piece  of  barn  equipment  is 
the  modern  tubular  steel  stanchion.  The 


chain-hung  flexible  steel  stanchion  is  now 
recognizea  as  an  ideal  cow  tie,  as  it  embraces 
the  features  of  safety,  comfort,  cleanliness, 
and  convenience.  The  round-sloping-end 
stanchions  are  best,  as  they  are  much  safer 
than  the  flat-bottom  stanchion. 

Steel  stalls.  The  greatest  protection  against 
disease  is  sanitation.  Sanitation  in  the 
dairy  bam  has  been  made  possible  by  the 
advent  of  the  modem  steel  stall  and  the  use 
of  concrete  mangers  and  floors,  which  make 
it  easy  to  keep  the  bam  clean.  Steel  stalls 
are  strong  and  durable  and  do  not  obstruct 
the  light  or  ventilation.  The  stalls  should 
be  simple,  with  all  fittings  of  the  dustproof 
type,  so  that  they  may  he  easily  wiped  off 
and  kept  clean. 

The  partition  is  an  important  part  of  a cow 
stall  and  is  necessary  to  prevent  a cow  from 
stepping  on  her  neighbor  and  bruising  her 
udder  or  crushing  her  teats  when  she  is 
lying  down.  It  is  also  useful  in  protecting 
the  milker  and  in  preventing  the  cow  from 
turning  sidewise  and  soiling  adjacent  stalls. 
The  single-bend  stall  partition  is  the  best 
as  it  is  stronger  than  the  triple-bend  type, 
and  with  it  there  is  less  liability  of  injury  to 
the  cow. 

It  is  important  that  the  length  of  the  stall 
be  properly  proportioned  to  the  cow,  in  order 
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that  she  may  be  easily  kept  clean.  The  stall 
should  be  of  such  length  that  the  cow  may 
stand  easily  on  the  platform  and  all  droppings 
may  fall  into  the  gutter.  There  are  many 
alignment  devices  on  the  market  for  securing 
this  result.  These  are  an  added 
expense,  however,  and  are  not 
necessary  if  the  stall  on  one  end  of 
the  row  is  made  to  fit  the  smallest 
cow  and  that  on  the  opposite  end 
is  made  to  fit  the  largest  cow,  all 
intervening  stalls  being  made  ac- 
cordingly. The  cows  may  then  be 
assigned  to  the  stalls  most  con- 
venient for  them.  Alignment  de- 
vices are,  however,  very  convenient 
where  it  becomes  necessary  to 
change  the  length  of  stall  after  the 
concrete  work  is  finished. 

The  table  shown  below  gives  the 
sizes  of  stalls  recommended  for 
cows  of  various  breeds,  and  for 
heifers. 

Steel  pens  also  aid  materially  in 
maintaining  sanitation  in  the  barn, 
as  they  admit  the  maximum  sun- 
light and  do  not  obstruct  ventilation.  Calves 
cannot  do  well  in  dark  and  damp  pens,  but 


Fig.  551.  . . f _ „ 

The  movable  chute  may- bex  directed  into  different  bins.  There  is 
usually  a trap  door  and  dumping  arrangement  by  which  wagons  can  be 
unloaded  into  a bin  from  which  the  buckets  elevate  the  grain. 


Granary  partly  cut  away  to  show  grain  elevator  in  place, 
may- be  directed  into  different  bins. 


they  grow  rapidly  when  kept  in  clean  and 
well-lighted  pens.  This  is  a safe,  sanitary, 
and  humane  way  of  caring  for  calves.  Steel 
maternity  pens  are  easily  kept  clean  and  easily 
disinfected.  This  is  a big  factor  in  reducing 
navel  trouble  in  young  calves. 

Milking  machines.  The  (modern  milking 
machine  is  one  of  the  greatest  labor-saving 
devices  ever  invented  for  dairymen.  It 
solves  the  difficulty  of  securing  efficient  help 
and  replaces  cheap  labor  with  skilled.  It  is 
now  considered  a part  of  the  necessary  equip- 
ment of  all  large  dairies,  and  it  has  been  an 
important  factor  in  the  development  of  the 
dairying  industry.  It  has  been  developed  to 
a decree  that  makes  its  use  entirely  practica- 
ble m dairies  having  more  than  10  cows. 
There  is,  however,  still  room  for  improve- 
ment. It  has  no  harmful  effect  on  the  physi- 
cal condition  of  the  cow;  and,  as  regards 
quality  and  quantity  of  milk,  its  use  competes 
successfully  with  hand  milking.  It  is  of 
great  importance  that  the  rubber  parts  and 
all  parts  which  come  in  contact  with  the  milk 
be  thoroughly  cleansed  after  using. 

All  milking  machines  are  somewhat  com- 
plicated and  require  the  exercise  of  mechan- 
ical ability  on  the  part  of  the  operator.  Like 


BREEDS, 

SIZE  OP  COW  STALLS 

ETC. 

Width 

Length 

Heifers 
Jerseys 
Guernseys. 
Shorthorns 
Hoisteins  . 

2 ft.-9  ins.  to  3 ft.-O  ins. 

3 ft.-2  ins.  to  3 ft.-4  ins. 

3 ft.-4  ins.  to  3 ft.-6  ins. 

3 ft.-6  ins.  to  4 ft.-O  ins. 

3 ft.-6  ins.  to  4 ft.-0  ins. 

3 ft. -6  ins.  to  4 ft.-  0 ins. 

4 ft.-6  ins.  to  4 ft.-  8 ins. 

4 ft.-B  ins.  to  4 ft.-10  ins. 

5 ft.-O  ins.  to  5 ft.-  2 ins. 

5 ft.-O  ins.  to  5 ft.-  6 ins. 

; grain. 

other  mechanical  devices,  they  require  intelli- 
gent supervision  in  order  to  secure  the  best 
results.  The  milking  machine  must  be  oper- 
ated and  adjusted  to  meet  the  needs  of  the 
individual  cow,  and  its  success  or  failure  de- 
pends upon  the  ability  of  the  operator. 

Grain  elevators.  The  grain  elevator  (Fig. 
551)  is  another  machine  which  has  effected 
a great  saving  of  labor,  especially  during  har- 
vest. It  is  meeting  with  much  favor  in  the 
Middle  West,  where  large  quantities  of  grain 
are  stored  in  bams  and  granaries.  It  may  be 
used  for  all  kinds  of  small  grain  and  for  ear 
corn.  Two  general  types  are  employed:  the 
portable  elevator  on  the  outside  of  the  bam, 
and  the  stationary  elevator  inside,  with  some 
form  of  a dumping  device.  Both  types  are 
widely  used,  and  selection  is  determined  by 
local  conditions.  However,  when  erecting  a 
new  set  of  buildings,  provision  is  usually 
made  for  the  stationary  type.  The  elevator 
may  be  run  either  by  horsepower  or  by  motor. 
The  most  popular  type  of  farm  elevator  is 
composed  of  a series  of  buckets  or  cups  fastened 
to  an  endless  chain  running  over  a set  of 
parallel  shafts  and  pulleys. 

Among  the  numerous  other  labor-saving  de- 
vices which  materially  help  to  increase  the 
efficiency  of  the  bam,  but  which  need  only  be 
mentioned  are:  Sliding  doors  with  birdproof 
tracks  and  roller-bearing  hangers, 
making  door  operation  easy  and 
obviating  noisy  and  broken  hinges; 
hay-camer  returns  and  pulley- 
changing  devices;  overhead  feed 
bins  with  hopper  bottoms;  hay 
chutes;  platform  scales  and  spring 
balances;  elevators  for  silo  chutes, 
etc.;  all  of  which  assist  in  reducing 
chore  labor  on  the  farm. 
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Manure  Waste  and  Conservation 


Former  Assistant  Secretary  Vrooman,  of  the  U.  S.  Department  of  Agriculture, 
is  authority  for  the  statement  that  “our  billion-dollar  manure  waste  is  the  world’s 
greatest  economic  leak.”  This  assertion  is  based  upon  reliable  statistics  and  is  a 
careful  and  conservative  estimate.  Here,  then,  is  a place  where  every  farmer  can 
assist  in  cutting  down  a huge  economic  loss.  Some  of  this  loss  is  unavoidable, 
but  the  greater  part  can  be  saved.  Notwithstanding  the  great  value  of  manure, 
there  is  probably  no  material  on  the  farm  in  which  there  is  so  great  and  needless 
a waste. 

Manure  waste.  Theprincipal  losses  to  farm  manure  occur  in  the  barnyard  and 
are  caused  by  weathering,  leaching,  heating  and  rotting.  The  rains  wash  out  a 
large  part  of  the  fertilizing  elements;  the  sun  burns  out  more;  and  bacterial  ac- 
tion during  the  rotting  process  drives  off  the  valuable  ammonia  gases.  Fully 
60  per  cent  of  the  fertilizing  value  of  manure  may  be  lost  in  this  way. 

The  accompanying  table,  giving  data  compiled  by  the  Indiana  Agricultural 
Experiment  Station  (Circular  49)  shows  briefly  why  manure  is  of  such  great  value 
as  a fertilizer.  The  chemical  analyses  were  made  from  many  samples  from  vari- 
ous experiment  stations  and  may  be  said  to  be  truly  representative. 

QUANTITY,  COMPOSITION,  AND  VALUE  OF  MANURE  FROM  DIFFERENT 

CLASSES  OF  ANIMALS 


HORSE 

DAIRY 

COWS 

STEER 

SHEEP 

SWINE 

Pounds  of  manure  produced  per  day  per 
1,000  pounds  live  weight 

35—45 

70—80 

40—60 

30-40 

40—60 

Pounds  per  ton  nitrogen 

11.8 

9.7 

13.8 

27.5 

15.2 

Phosphoric  acid 

6.6 

6.4 

5.6 

9.9 

9.5 

Potash 

14.6 

9.4 

10.5 

22.7 

14.6 

Value  per  ton  on  basis  of  analysis*  . . . 

$ 2.84 

$ 2.21 

$ 2.90 

$ 5.83 

$ 3.49 

Tons  of  manure  produced  per  year  per 

1,000  pounds  live  weight 

Value  of  manure  produced  per  year  per 
1,000  pounds  live  weight* 

7.0 

12.7 

7.5 

5.5 

7.3 

$19.88 

$28.07 

$21.75 

_ $32 . 06 

$25.48 

•Computed^  on  the  basis*  of  Fthe  (following  prices  ^Nitrogen,  15  cents  per  pound;  'Phosphoric  acid,  34  cents  per 
pound;  potassium,  6 cents  per  pound. 


Manure  represents  fertility  which  has  been  drawn  from  the  soil  by  crops. 
Nearly  80  per  cent  of  the  fertilizing  value  of  crops  can  be  returned  to  the  soil  in 
the  manure.  . The  manure  which  is  returned  to  the  soil  not  only  serves  to  cut 
down  the  drain  on  it,  but  also  helps  it  in  many  other  ways.  It  inoreases  the  sup- 
ply of  humus,  adds  plant  food,  and  makes  other  plant  food  in  the  soil  available, 
besides  aiding  in  the  development  of  soil  bacteria.  It  also  helps  the  soil  to  warm 
up  earlier  in  the  spring,  decreases  soil  washing,  improves  the  drainage,  and  en- 
ables the  soil  to  receive  and  retain  more  moisture  for  the  growing  crops.  It  is 
reported  by  the  experiment  station  at  Rothamsted,  England,  that  the  residual 
effects  of  manure  can  be  noticed  for  40  years  after  application  upon  land  that  hag 
been  continuously  cropped. 


Conservation  of  manure.  Manure  begins 
to  deteriorate  the  very  hour  it  is  dropped. 
The  sooner  it  reaches  the  field,  the  better. 
Tight  floors  are  valuable  agents  in  the  saving 
of  manure,  and  a good  concrete  one  in  the 


bam  will  soon  pay  for  itself  in  the  saving 
of  fertilizer  elements. 

A manure  spreader  is  the  best  and  most 
economical  method  of  applying  manure  to 
the  soil.  As  a farm  implement,  it  is  second 
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in  importance  to  the  self-binder  only.  It  is 
always  ready  for  its  part.  It  distributes  the 
manure  more  easily  and  evenly  and  renders 
possible  the  spreading  of  specific  quantities. 

While  the  direct-to-the-field  method  is  pref- 
erable, it  often  happens  that  this  is  not  con- 
venient or  possible.  Bad  weather  and  busy 
seasons  sometimes  interfere.  A manure  pit 
should,  therefore,  be  provided,  to  hold  the 
excess  manure  formed  during  such  periods. 

If  we  allow  manure  to  stand  in  a heap,  we 
shall  find  it  divided  into  3 layers:  the  fresh 
manure  on  the  top,  the  rotted  manure  in  the 
middle,  and  at  the  bottom  decomposed 
manure  with  a very  offensive  smell.  The 
latter  has  lost  a large  part  of  its  fertilizing  ele- 
ments, and  is  not  in  a condition  to  give  best 
results. 

The  bacterial  actions  which  go  on  in  a heap 
of  manure  are  caused  by  two  kinds  of  bac- 
teria— aerobic,  which  live  in  the  presence  of 
air,  and  anaerobic,  which  can  live  without 
the  presence  of  air.  The  manure  pit  should 
be  deep  enough  to  permit  both  kinds  of  bac- 
terial action,  and  not  too  deep  to  prevent 
them.  For  this  reason,  a manure  pit  should 
not  exceed  3 or  4 feet  in  depth. 

Manure  in  a pit  should  be  spread  uniformly, 
kept  moist,  and  well  packed.  The  wetting 


down  can  be  easily  accomplished  by  using  a 
pump,  preferably  one  of  the  diaphragm  type. 
The  bottom  of  the  pit  should  drain  to  one  place, 
so  that  the  liquid  which  has  separated  out 
may  be  pumped  back  over  the  manure.  1 

Since  manure  is  very  low  in  phosphorus, 
acid  phosphate  is  sometimes  mixed  with  the 
manure  in  the  pit,  at  the  rate  of  1 pound  per 
day  per  head.  This  helps  to  increase  the  fer- 
tilizing value  of  the  manure,  and  prevents  the 
breeding  of  flies. 

How  to  construct  a manure  pit.  In  con- 
structing a manure  pit,  the  following  require- 
ments should  be  kept  in  mind:  (1 ) it  should  be 
permanent  and  water-tight  (for  this  purpose, 
concrete  is  an  admirable  material);  (2)  all 
comers  should  be  rounded,  so  that  the  ma- 
nure will  pack  well;  (3)  it  must  not  be  built 
too  deep  to  prevent  bacterial  action;  (4)  sur- 
face water  must  be  kept  out  of  the  pit;  and 
(5)  the  driveways  in  and  out  of  the  pit  must 
not  be  too  steep. 

The  size  of  the  manure  pit  will  depend  upon 
the  length  of  time  the  manure  is  to  be  kept 
in  storage.  Manure  should  not  be  stored  longer 
than  8 or  10  weeks,  as  in  that  time  bacterial 
action  is  carried  too  far.  It  is  preferable  to 
empty  the  pit  every  2 or  3 weeks. 

A pit  12  by  12  by  4 feet  deep  will  provide 


FlG.  562.  Plane  of  a manure  pit  and  liquid  manure  cistern  by  means  of  which  all  the  plant  food  may  be  saved 
and  the  manure  kept  in  the  best  possible  condition 
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Fig.  553.  A manure  carrier  is  a great  time-  and  labor- 

savci.  Thib  is  a simpler  structure  than  is  siwwu  ui  Fig. 
552,  but  wouldn’t  you  prefer  using  it  to — 


storage  space  for  manure  from  100  head  of 
cows  for  2 weeks. 

Every  particle  of  liquid  manure  should  be 
saved,  as  with  all  farm  animals  43  per  cent  of 
the  nitrogen  and  60  per  cent  of  the  potassium 
passes  off  in  the  urine.  The  liquid-manure 
loss  constitutes  by  far  the  greatest  waste  of 


manurial  elements  on  the  farm.  The  annual 
potassium  loss  in  the  United  States  in  liquid 
manure  is  alone  more  than  a million  dollars. 

A tank  or  cistern  to  hold  the  liquid  manure 
should  be  provided,  and  this  should  be  below 
the  level  where  the  animals  stand,  so  that  the 
urine  may  drain  into  it.  In  warm  weather, 
this  tank  should  be  emptied  every  3 or  4 
weeks,  and  kept  tightly  covered,  to  prevent 
the  escape  of  ammonia  gases  and  consequent 
loss  of  valuable  man- 
urial elements.  A cow 
will  pass  daily  16  to 
20  pounds  of  urine;  a 
horse,  8 to  12  pounds. 

This  data  may  be  used 
in  determining  the 
proper  size  of  cistern 
or  tank  to  build.  A 
round  tank,  necking 
at  the  top  like  a cist- 
ern, is  the  best,  as  it 

has  a smaller  surface  Fic.554.-Doingihis.venr 

for  evaporation.  day? 


Lighting 

During  the  winter  season  most  of  the  barn  chores  are  done  with  the  aid  of 
some  form  of  artificial  light;  and  this  is  particularly  the  case  on  the  dairy  farm, 
where  such  light  is  required  most  of  the  year.  A good  lighting  system  in  the  bam 
is  a paying  investment:  it  means  that  the  chores  can  be  done  much  easier  and 
better,  and  with  the  least  expenditure  of  time  and  labor. 

The  old-style  kerosene  lantern  is  still  quite  commonly  used;  regardless  of  the 
fact  that  the  carrying  of  a lighted  oil  lantern  in  a bam  among  highly  inflammable 
material  is  a very  dangerous  practice.  It  will  be  remembered  that  Mrs.  O'Leary’s 
cow  kicked  over  a lighted  lantern  in  a bam  and  caused  the  great  Chicago  fire; 
and  similar  accidents  may  happen  in  any  bam  where  the  old-style  lantern  is  used. 
An  enormous  fire  loss  on  farms  is  caused  every  year  by  the  careless  use  of  lanterns. 
When  a lantern  is  overturned,  the  oil  it  contains  adds  fuel  to  the  conflagration; 
and  a fire  once  started  in  a bam  usually  bums  itself  out. 

If  it  is  necessary  to  use  a lantern  of  any  kind,  some  form  of  electric  lantern 
should  be  procured.  The  electric  lantern  is  more  convenient  to  use,  does  not 
blow  out  in  the  wind,  and  is  entirely  safe.  It  works  on  the  same  principle  as  the 
electric  flash  light.  It  consists  of  a small  electric  bulb,  with  a suitable  reflector, 
and  derives  electricity  from  dry  cells.  Although  there  is  still  room  for  improve- 
ment in  them,  electric  lanterns  have  reached  such  a state  of  development  as  to 
make  their  use  entirely  practicable  on  the  farm. 


Acetylene  gas  and  electric  light.  Two 
other  sources  of  light  are  available  for  the 
barn,  and  these  far  surpass  any  portable 
light.  They  are  acetylene  gas  and  electricity. 

Acetylene  lights  can  now  be  obtained  with 
the  flame  properly  protected  and  with  elec- 
trical igniting  devices  which  make  them  safe 
for  use  m the  stable.  They  are  not,  however, 
to  be  recommended  for  use  in  the  hay  mow. 

Just  as  electric  lights!  have  replaced  the 
kerosene  lamp  in  the  city  home,  they  will 
eventually  replace  the  dangerous  kerosene 


lantern  in  the  bam.  The  electric  light  is  the 
one  which  strongly  appeals  to  the  farmer. 

A statement  was  recently  made  by  a 
well-known  cattle  breeder  that  electric  fight 
in  his  bam  had  paid  for  itself  in  one  night. 
By  having  a good  light  he  was  able  to  save  a 
valuable  animal  which  was  sick,  whereas,  if 
it  had  been  necessary  to  depend  on  a lantern, 
he  would  have  lost  it. 

Usually,  electric  lights  in  the  bam  are 
easily  provided  for,  since  a gas  engine  is 
commonly  needed  to  pump  water  or  run  a 
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feed  grinder.  It  is  very  convenient  to  have 
electric  light,  as  a wire  may  be  run  to  any 
place  where  a light  is  needed.  When  lights 
are  placed  in  feed  and  litter]  alleysj  they 
materially  cut  down  the  time  and  labor 
required  to  do  the  chores.  They  are  also 
convenient  and  safe  to  use  in  the  hay  mow; 
for  they  may  be  placed  up  out  of  the  way, 
and  they  will  furnish  a good  light  in  the  mow. 

When  a building  is  wired  for  electricity, 
only  such  material  and  fittings  should  be 
permitted  as  will  meet  the  required  electrical 
standards.  Switches  should  be  provided  at 


convenient  places,  so  that  the'  lights  may 
be  easily  turned  on  and  off.  This  is  one  of  the 
advantages  of  electric  lights  because  a three- 
way  switch  may  be  used  on  the  line  between 
the  house  and  the  bam,  which  will  enable  the 
lights  to  be  turned  on  at  the  bam  and  off 
at  the  house.  This  is  a great  convenience 
in  case  it  is  necessary  to  go  out  in  the  night 
to  attend  a sick  animal  or  to  investigate  dis- 
turbances in  the  barnyard.  The  electric 
light  is  always  in  its  place,  and  it  is  not  nec- 
essary to  stumble  around  in  the  dark  to  hunt 
for  a lantern. 


EQUIPMENT  USED  IN  THE  CARE  OF  LIVE  STOCK 

By  C.  F.  Gobble,  Assistant  Professor  of  Animal  Husbandry  in  the  Purdue  University 
School  of  Agriculture , where  his  several  years  of  teaching  have  supplemented  a wide , practical  farm 
experience . — Editor. 


The  equipment  used  in  the  care  of  livestock  includes  a number  of  the 
smaller  implements  which,  by  the  employment  of  power  in  their  operation 
become  valuable  labor-saving  appliances.  Among  these  are,  for  example,  the 
machine  sheep  shears  and  machine  horse  clippers. 

While  in  large  sections  of  the  country,  these  appliances  have  not  yet  come  into 
wide  use,  it  is  only  a question  of  time  when  their  employment  may  be  expected 
to  become  general. 


Sheep-shearing  machines.  The  necessity 
of  shearing  sheep  at  least  once  a year  has 
caused  the  manufacture  of  several  machines 
for  this  purpose.  Formerly,  the  work  was 
done  with  the  common  hand  shears,  which 
are  quite  like  a pair  of  scissors,  except  that  the 
power  is  applied  between  the  fulcrum  and  the 
blades,  and  the  blades  spring  open  when  the 
pressure  is  removed. 

These  shears  are  cheap,  do  the  work  in  a 
satisfactory’manner  in  the  hands  of  a skilled 
workman,  and  are  indispensable  on  any 
farm  where  sheep  are  raised,  for  trimming  and 
tagging  the  flock.  For  shearing,  however, 
they  are  being  gradually  replaced  in  most 
sections  of  the  United  States  by  machine 
shears.  With  these,  less  skill  is  required,  the 
work  is  done  'more  quickly  and  easily, 
fewer  cuts  are  made  in  the  skin,  and  more  wool 
is  obtained,  because  it  is  cut  more  closely. 
The  machine  shears  are,  of  course,  more 
expensive,  but  this  is  soon  offset  by  the  saving 
of  time  and  wool. 

The  power  for  these  machines  is  supplied 
by  hand,  belt,  shaft,  or  motor.  The  hand  ma- 
chine used  by  the  small  sheep-owner  is  light, 
compact,  durable,  and  easily  operated  and 
adjusted.  One  boy  or  man  is  required  to 
furnish  the  power  in  addition  to  the  one  hand- 
ling the  shears.  The  cutter  head  works  on 
the  principle  of  the  sickle  on  a mowing  ma- 
chine, the  important  parts  being  the  cutter 
and  the  comb.  The  comb,  made  up  of  sev- 
eral long  teeth  with  sharpened  edges,  passes 
through  the  wool  at  the  surface  of  the  skin, 
dividing  it  into  small  bunches  for  the  cutter, 


which  is  ordinarily  made  up  of  3 teeth  with 
sharpened  edges.  The  cutter,  oscillating 
at  a nigh  rate  of  speed  over  the  surface  of  the 
comb,  shears  the  wool  almost  as  fast  as  the 
cutter  head  can  be  passed  over  the  body  of 
the  sheep.  As  long  as  the  comb  is  held  flat 
on  the  surface  of  the  skin,  the  wool  will  be 
sheared  close  to  the  body  without  danger  of 
cutting  the  skin,  as  the  teeth  in  the  comb 
are  much  longer  than  those  of  the  cutter  and 
act  as  a guard.  The  power  is  transmitted 
through  a flexible  shaft. 

Formerly,  the  chief  objection  to  this  ma- 
chine was  the  difficulty  in  getting  the  cutters 
and  combs  sharpened.  This  has  been  largely 
overcome  by  the  manufacture  of  a grinder, 
which  consists  of  a revolving  disc  run  by 
crank  and  gears. 

With  the  other  power  machines,  the  cutter 
head  and  flexible  shaft  are  the  same  as  in  the 
hand  machine,  the  point  of  difference  being  in 
the  source  of  the  power.  These  machines  are 
of  necessity  more  expensive,  and,  therefore, 
are  practicable  only  where  large  numbers  of 
sheep  are  to  be  shorn,  as  on  the  Western  ranges. 
The  power  may  be  derived  from  a steam  or 
gasoline  engine  by  belt  or  shaft  or  from  an 
electric  motor. 

Horse-clipping  machines.  Clippers  are 
used  to  remove  the  horse’s  winter  coat  after 
the  weather  turns  warm  in  the  spring;  to 
trim  the  hair  on  the  udder,  flank,  and  thighs 
of  dairy  cows  in  milk;  and  to  shorten  the  hair 
on  the  head,  tail,  and  legs  of  some  beef  ani- 
mals in  preparation  for  show. 

A clipper,  similar  in  type  to  that  used  by 
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barbers,  but  larger,  is  used  by  some  stockmen. 
The  large  hand  clipper  which  is  operated  by 
both  hands  is,  however,  employed  more  ex- 
tensively than  the  lighter  type.  These  are 
satisfactory  for  small  jobs,  but  where  the 
whole  animal  is  to  be  dipped,  or  several  are 
to  be  trimmed,  the  time  necessary  for  such  an 
operation  renders  such  hand  tools  imprac- 
ticable. To  meet  this  condition,  machines 
are  being  manufactured  that  are  very  similar 
to  the  sheep-shearing  machines,  except  that 
the  teeth  in  thejcutter  head  are  much  shorter 
and  more  numerous,  and  that  the  power  is 
transmitted  through  a chain  which  turns  in  a 
flexible  tube.  The  chain  in  the  tube  gives 
to  the  machine  more  flexibility  than  the  flexi- 
ble shaft,  and  works  satisfactorily,  since  less 
power  is  required  to  cut  hair  than  to  cut  wool. 

The  power  for  these  machines  may  be 
applied  in  exactly  the  same  manner  as  for 
sheep-shearing  machines.  In  fact,  the  horse- 
dipping  attachments  may  be  used  on  the 
sheep-shearing  machine,  or  the  sheep-shearing 
attachment  on  the  horse-clipping  machine, 
thus  making  it  possible  for  the  farmer  to  add 
either  one  or  the  other  at  a small  additional 
cost. 

Power  dental  float.  This  is  an  attachment 
to  the  above  clipping  machine.  The  disc 
file,  rotating  at  high  speed,  quickly  files  the 
teeth  to  the  desired  length.  Such  an  instru- 
ment is  desirable  where  enough  horses  are  kept 
to  warrant  the  purchase  of  a clipping  machine. 

Grooming  machines.  The  motor  brush  is  a 


speed,  makes  it  possible  for  one  man  to  groom 
several  horses  in  a shorter  time  and  witn  less 
work  than  with  the  common  currycomb  and 
brush. 

With  the  vacuum  machine  a vacuum  is 
maintained  in  pipes,  by  which  the  dirt  is 
drawn  out  of  the  nair  and  conveyed  to  a re- 
ceptade  whence  it  can  be  removed.  Motor 
brushes  and  vacuum  cleaners  have  not  as  yet 
been  very  generally  adopted,  even  in  large 
stables. 

Sprayers.  Many  farmers  fail  to  recognize 
the  value  of  disinfectants  in  keeping  lots  and 
barns  sanitary.  Spraying  apparatus  is  as 
useful  in  the  care  of  livestock  as  of  fruit,  and 
the  same  equipment  may  be  used  for  both. 
The  tank,  or  tub,  sprayer  is  probably  most 
useful  for  the  average  livestock  farm,  as  it  can 
be  operated  by  one  man,  and  can  be  easily 
wheeled  in  and  out  of  stalls.  It  consists  of  a 
tank,  or  half-barrel,  set  on  wheels,  a pump 
and  agitator,  a hose  and  nozzle. 

Poultrymen  and  small  stock  farmers  might 
prefer  the  bucket  pump,  which  can  be  used 
with  a common  bucket  and  is  less  expensive. 

Hog  oilers.  Patent  hog  oilers  are  manu- 
factured on  the  principles  that  if  a hog  has 
lice  he  will  scratch,  ana  that,  if  crude  oil  can 
be  applied  to  the  part  that  itches,  the  lice  will 
be  eliminated. 


cylindrical  brush  attached  to  a flexible  shaft, 
which,  when  rotating  at  a moderate  rate  of 


There  are  two  general  types  of  oilers — the 
revolving-drum  and  the  tank-valve.  With 
the  former,  a solid  iron  drum  is  so  placed  that 
the  under  side  is  immersed  in  the  oil  at  all 
times.  When  the  hog  rubs  against  it  the 
drum  turns,  bringing  up  a coating  of  oil 
which  is  applied  to  the  hog  where  most  needed. 
With  the  latter  type,  a tank  is  supported  by 
one  or  more  standards  or  legs.  When  the 
hog  rubs  against  the  standard,  a valve  is 
opened,  which  allows  small  quantities  of  oil 
to  run  down  to  the  point  of  itching. 

There  are  a number  of  different  makes  of 
oilers  on  the  market  that  give  more  or  less 
satisfaction.  The  experience  of  users  of 
them  seems  to  indicate  that,  in  general,  they 
help  to  keep  the  lice  in  the  herd  under  con- 
trol; but  they  could  hardly  be  expected  to 
clean  up  a badly  infested  herd,  as  it  seems 
some  hogs  refuse  to  use  the  oiler.  Trouble, 
too,  has  been  experienced  with  some  oilers 
from  the  valves  dogging  with  mud;  and  some 
will  be  effective  with  pigs  of  a certain  size, 
but  cannot  be  used  successfully  by  small 
pigs.  Even  with  these  objections,  however, 
there  is  no  doubt  but  that  a patent  oiler 
would  be  a profitable  addition  to  the  hog 
equipment  on  many  farms,  especially  where 
no  dipping  vat  is  available. 

Earmarkers.  There  are  in  use  on  farms 
three  general  methods  of  marking  the  ears  of 
purebred  livestock:  (1)  the  ear  label,  or 
tag;  (2)  the  notch;  and  (3)  the  tattoo  mark. 
All  are  used  to  a greater  or  less  extent. 
Sheepmen  ordinarily  use  the  metal-ribbon 
b.bel;  hogmen  use  the  ribbon,  the  button, 
the  tag,  and  the  notch;  the  notch  being  used 
almost  universally  in  marking  litters.  The 
tattoo  is  used  more  by  cattlemen  than  by 
other  breeders,  although  themetal-ribbon  label 
is  also  extensively  used  by  them. 

The  metal  ribbon  requires  the  use  of  a 
punch,  similar  to  a leather  punch,  which  cuts 
an  oval  hole  through  the  ear,  to  allow  the 


Fig.  555.  Feeding  is  a task  that  must  be  done  at 
least  twice  daily,  the  year  ’round;  every  possible  method 
of  lightening  it  is  worth  trying.  This  wheeled,  slop 
barrel  makes  hog  feeding  considerably  easier  than  it 
would  otherwise  be. 


Digitized  by  v^.ooQle 


395 


THE  EQUIPMENT  OF  FARM  BUILDINGS 


Fig.  556.  By  making  stock  take  care  of  itself  we  save 
both  time  and  money.  Oilers  keep  hogB  free  from  para- 
sites and  thus  contribute  to  their  comfort,  health  and 
increased  growth. 


insertion  of  the  label.  The  hole  for  the  but- 
ton is  made  in  the  same  way,  with  the  excep- 
tion that  it  is  round  and  smaller.  The 
tags  are  fastened  to  the  ear  with  a common 
hog  ring.  The  tattoo  requires  a special 
marker,  which  consists  of  a pair  of  pincers 
with  one  jaw  made  to  accommodate  a set 
of  removable  letters  and  numbers.  The 
letters  and  numbers  are  made  of  steel  points 
which,  under  pressure  of  the  pincers,  pene- 
trate the  skin  of  the  ear  and  allow  the  deposit 
of  sufficient  tattoo  oil  to  mark  the  ear  per- 
manently. 

Teeth  nippers.  In  order  to  eliminate  sore 
mouths  ana  sore  teats,  caused  by  the  long, 
sharp  teeth  of  young  pigs,  two  types  of  nippers 
are  m use.  One  is  simply  a small  pair  of 
pliers  that  break  off  the  sharp  points;  the 
other  is  supplied  with  sharp  edges  which  cut 
the  teeth  off  at  the  desired  length. 

Dehorning  instruments.  There  are  two  gen- 
eral methods  for  dehorning  mature  cattle; 
namely,  by  the  use  of  the  saw  and  by  the  use 
of  the  knife.  The  most  improved*  knife  has 
two  blades  ground  with  concave-angle  cutting 
surfaces  which  form  two  opposing  shears  and 


thus  give  equal  pressure  from  4 directions. 
The  power  is  furnished  by  the  2 handles 
having  corresponding  eccentric  gears  that 
work  m the  teeth  of  a tapering  rack  attached 
to  the  movable  blade.  When  the  handles 
are  brought  together,  the  power  of  their 
combined  leverage  is  transmitted  through 
the  rack  to  the  sliding  knife,  which,  working 
against  the  stationary  knife,  shears  off  the 
horn.  This  dehorner  has  the  advantage  of 
doing  the  work  with  more  speed;  but  it  is 
more  expensive  than  the  saw,  which,  for  the 
small  stockman,  will  give  satisfactory  results. 

Sheep-docking  irons.  Lambs  are  docked 
when  1 or  2 weeks  old,  in  order  that  they 
may  be  kept  clean  around  the  hind  quarters 
and  that  the  ewes  may  be  more  easily  bred. 
A sharp  knife  or  chisel  and  a mallet  will  do 
the  work,  but  the  accompanying  loss  of  blood 
has  caused  many  shepherds  to  adopt  one  or 
other  of  the  types  of  docking  irons.  These 
irons,  being  hot,  sear  the  cut  surface  of  the 
tail  and  eliminate  the  loss  of  blood,  thus 
lessening  the  danger  of  losing  some  of  the 
lambs. 

There  are  two  general  types  of  docking  irons 
— one  very  similar  to  the  common  chisel,  and 
the  other  constructed  on  the  plan  of  hoof 
arers  used  by  blacksmiths.  Both  types  have 
eavy  jaws  and  blunt  cutting  edges.  Neither 
is  expensive. 


Fin.  557.  A convenient  feeding  rack  for  sheep  to  be 
used  either  in  the  bam,  the  feed  lot  or  on  pasture. 
The  grain  boxes  being  removable  are  more  easily  kept 
dean. 


* 
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Special-Purpose  Barns 

By  John  M.  Eward,  Associate  Professor  and  Assistant  Chief  in  Animal  Husbandry,  and 
Chief  in  Swine  Production,  Iowa  State  College,  who  was  bom  on  a farm  in  Livingston  County, 
Illinois , and  received  his  agricultural  education  there  and  at  the  universities  of  Illinois  and  Mis- 
souri. For  three  years  he  was  Assistant  to  the  Dean  of  the  College  of  Agriculture  of  the  University 
of  Missouri,  having  charge  of  the  animal  husbandry  'problems  in  nutrition . In  1910,  after  a 
year  of  travel  through  the  Middle  West  studying  farm  and  livestock  conditions,  he  joined  the  staff 
of  the  Iowa  College,  where  he  has  since  carried  on  his  investigational  and  instructional  work  in  live- 
stock production.  Both  his  training  and  his  work  have  therefore  made  him  especially  able  to  dis- 
cuss the  principles  underlying  the  construction  of  the  farm  buildings  that  have  as  their  special 
task,  the  housing  of  farm  animals. — Editor. 
l ' 

IN  THE  planning  and  building  of  special-purpose  bams,  one  should  keep 
clearly  in  mind  two  main  considerations.  The  first  is  the  particular  kina 
of  livestock  to  be  housed,  for  each  should  be  sheltered  so  that  it  may  do  its  work 
to  the  best  advantage.  This  means  that  the  bam  must  be  planned  from  the  in- 
side out,  and  not  from  the  outside  in.  The  second  is  the  convenience  and  prefer- 
ence of«  the  livestock  man  himself,  important  factors  being  the  saving  of 
labor,  low  relative  cost,  pleasing  appearance,  etc.  Of  course  the  local  condi- 
„tions  and  requirements  must  be  met  in  a practical  manner.  This  means  that 
'there  must  be  many  averages  struck,  until  the  final  result  meets  all  needs  as 
nearly  as  possible. 

We  must  bear  clearly  in  mind  the  use  or  function  of  the  kind  of  livestock 
housed.  Dairy  cows,  for  instance,  produce  milk  for  human  food,  the  finished 
product  being  drawn  from  the  animal  machine  right  in  the  bam.  In  the  case  of 
a pig  or  a steer  it  is  different;  we  build  up  a machine  and  then  we  eat  it,  and  the 
product  is  not  gathered  right  in  the  bam  but  must  be  slaughtered  and  prepared 
either  on  the  farm  or  in  a packing  house.  The  brood  sow.  or  cow  or  mare  per- 
forms still  another  function — that  of  producing  young  for  future  usefulness. 
With  sheep,  the  wool  is  the  product  and  must  be  kept  clean;  moreover  labor  is 
required  in  putting  it  in  shape  for  use.  Finally,  the  horse  may  be  kept 
solely  for  work.  All  these  differences  mean  the  building  of  vastly  different 
stmctures;  but  there  are,  nevertheless,  some  general  considerations  which 
are  essential  for  all  classes  of  live  stock.  Though  in  some  instances  these 
have  already  been  mentioned  in  earlier  chapters,  they  may  well  be  reviewed 
here. 
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Ice  harvesting  offers  an  unexcelled  opportunity  for  successful  and  profitable  community  co- 
operation 


But  each  individual  farm  should  have  its  ice  house,  and,  if  possible,  a cold  storage  building 

adjoining  it 

The  Farmer’s  Fuel  Is  in  His  Woodlot;  a Supply  of  Ice  is  His  For  the  Taking.  What 
Other  Profession  Offers  Such  Perquisites  in  Addition  to  Its  Normal  Returns? 

397 


A.  portable  farm  brooder  house  that  can  be  changed  into  a colony  house  as  the  birds  outgrow  the 

need  of  artificial  heat 


Inside  a well-built,  well-arranged  poultry  house  of  the  long  or  commercial  type.  Note  roosts, 
droppings  platform,  nest  boxes  and  elevated  feed  hopper  and  drinking  vessels 


Careful  Housing  of  Poultry  Pays.  Because  a Flock  Survives  Neglect  Is  no  Reason 
Why  It  Should  Not  Be  Given  Conditions  Under  Which  It  Can  Thrive 
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1.  Protection  from  severe  cold  and  heavy  3.  Dryness.  The  amount  of  wet  that 

winds.  Animals  can  stand  still  cold  much  our  domestic  animals  can  stand,  particularly 

better  than  cold  winds,  but  buildings  rein-  beef  cattle  and  horses,  is  remarkable  vet  they 

forced  by  windbreaks  furnish  sufficient  pro-  gallantly  respond  to  a good  dry  building.  A 

tection  from  both.  This,  of  course,  includes  ary,  solid,  slightly  sloping  floor  which  does  not 

protection  from  exceptionally  heavy  storms,  attract  moisture  is  in  order,  to  make  possible 

such  as  tornadoes,  or  driving  hail  which  oft-  a dry  bed. 

times  plays  havoc  with  live  stock.  To  make  a building  dry,  it  is  essential  that 

2.  Correct  temperature.  This  does  not  the  roof  and  walls  be  tight,  the  doors  well 

mean  ordinary  room  temperature  for  human  hung  and  properly  framed;  the  windows  cor- 

beings  around  68  to  70  degrees.  Heavily  rectly  jointed  with  whole  panes  of  glass  and 

wooled  sheep,  for  instance,  are  perfectly  well  frames  snug.  The  roof  is  all  the  better  if 

off  in  freezing  weather,  even  with  the  tern-  sheathing  is  placed  underneath.  Sliding 

perature  around  zero  Fahrenheit.  They  doors  are  usually  more  convenient  than 

can  largely  regulate  their  own  temperature  swinging  doors,  but  they  have  the  drawback 

if  given  correct  feeds,  and  they  do  much  bet-  of  not  being  easily  maae  tight  against  rain, 

ter  so  than  if  housed  in  a warm  barn.  The  drafts  and  drifted  snow. 

fattening  steer  with  heavy  covering  of  fat,  The  condensation  of  water  which  some- 
hide  and  coat,  does  splendidly  in  snappy,  times  occurs  on  the  under  roof  of  buildings 

bracing  weather  around  20  to  30  degrees  F.,  is  undesirable  for  live  stock,  keeping  the  air 

better  indeed,  than  in  the  very  hot  summer  damp  and  the  bedding  wet,  and  sometimes 

months.  dripping  on  the  animals*  backs.  A metal  roof 

The  hog  on  the  other  hand  needs  protection  quickly  causes  condensation  because,  when  the 
and  must  be  warmly  housed.  An  average  moisture-laden  air  rising  from  the  animals 
temperature  of  68  to  70  degrees,  though  not  hits  the  cold  roof,  it  contracts  in  cooling  and 

always  possible,  is  not  far  wrong  for  a growing  the  moisture  is  quickly  deposited.  Inasmuch 

pig.  Fattening  hogs  stand  quite  cold  weather  as  the  animals  constantly  give  off  moisture 

but  they,  too,  should  have  a tight  house  and  through  their  lungs,  the  surface  of  their  j 
a nice  warm  bed.  The  horse  driven  continu-  bodies,  and  their  excreta,  proper  ventilating 
ously  throughout  the  winter  should  have  a devices  are  essential  to  prevent  its  accumula- 
fairly  warm  place,  or  else  be  carefully  blank-  tioh.  i 

eted  after  every  drive.  “Stocker”  colts  and  4.  Ample  drainage.  Good  drainage  is 
horses  running  in  the  field  can  stand  much  essential  to  health;  and  the  slope  should  al-! 

cold;  however,  on  real  cold  days  all  horses  ways  be  away  from  the  building.  Many, 

should  be  amply  protected.  open  sheds  shelter  stagnant  pools  or  mud  wal- ' 

But  there  is  one  class  of  all  kinds  of  farm  ani-  lows  where  disease  germs  multiply,  and  which 
mals  that  needs  considerable  warmth,  namely  should  be  prevented  by  drainage.  Both  sur- 
the  new-born  ones.  In  the  case  of  lambs,  face  and  underdrainage  should  be  looked  to.' 

colts  and  calves,  this  is  true  for  only  a short  Briefly,  therefore,  the  drainage  should  be  I 

time;  little  pigs,  on  the  other  hand,  need  much  from  the  inside  out,  and  then  from  the  outside, 

protection  for  many  weeks  after  farrowing.  away  to  some  distant  point.  Of  course  the 

Warmth  is  mainly  secured  by  tight  walls  outlets  must  first  of  all  be  planned  for. 

and  roofs;  plenty  of  windows  to  admit  sun-  5.  Abundance  of  light.  The  saying  “Dark- » 
shine;  low  ceilings  (especially  for  pigs  and  ness  breeds  disaster”  has  much  truth  in  it.; 
sheep) ; and  artificial  heating.  Light  paves  the  way  to  an  inspiration  to  clean 


Fig.  558.  Buildings  for  livestock  should  protect  from  the  weather,  and  provide  drainage,  ventilation,  dryness  and 
sunlight.  The  lowa  Community  Sunlight  hog  house  is  a strikingly  successful  structure  in  all  these  respect*  .. 
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Pic.  559.  Showing  how  a building  placed  north  and  south 
ives  more  light  along  its  sides  whc 


(flbPM) 

dowsai 


i where  the  most  win- 


are,  than  one  set  east  and  west  (btiow.) 

up;  darkness  offers  no  incentive  because  it 
does  not  disclose  what  is  needed.  Dark 
stables  are  dangerous  to  man  as  well  as  beast, 
for  horses  are  more  liable  to  kick  in  the  dark, 
and  mules  also  are  more  unruly. 

Light,  even  diffused  light,  is  a great  germ 
destroyer,  and  our  modern  bams  are  like  our 
modem  factories,  being  exceptionally  well 
lighted  with  the  windows  properly  placed  so 
as  to  admit  maximum  daylight.  White  walls 
are  becoming  more  and  more  popular  because 
with  them  we  can  almost  double  the  amount 
of  light;  solid  partitions  are  being  discarded 
because  they  darken  the  stables  and  bams 
and  are  unsanitary;  other  schemes  are  being 
used  to  advantage  such  as  splayed  windows, 
skylights,  light-colored  (concrete)  doors, 
etc. 

6.  Direct  sunlight  is  coming  into  its  own 
as  a universal  germ  and  disease  destroyer, 
costing  practically  nothing  and  always  avail- 
able if  the  right  opportunity  is  presented.  It 
promotes  dryness,  warmth,  ventilation,  dif- 
fuse lighting,  sanitation,  and  drainage.  It 
instills  general  vigor,  muscular  strength,  high 
vitality,  and  good  color  in  the  animals.  Young 
animals  respond  favorably  to  light  as  do 
plants.  Perhaps  not  so  vividly  so  far  as 
color  is  concerned,  but  certainly  so  as  regards 
growth  and  development.  The  forenoon 
sunlight  is  particularly  important  with  live- 
stock; after  a relatively  long,  dark  and  per- 
haps cool  and  damp  night,  ft  is  of  great 
value  as  a morning  bracer  or  reviver. 

In  securing  direct  sunlight,  buildings 
built  east  and  west  are  not  nearly  so 
favored  as  those  built  north  and  south. 

The  southern  exposure  is  always  eagerly 
sought  for  cattle  yards,  sheep  corrals, 
pigpens,  and  horse  yards. 

7.  Shade.  Protection  from  the  sun's 
direct  rays  is  necessary  all  the  year 
'round.  Too  much  sunshine  is  not  best, 
nor  is  too  much  shade;  we  must,  there- 
fore, strike  the  happy  medium.  Proper 
shade  has  that  cooling  effect  which  is  es- 
sential. There  is  a restful  feeling  in  it 
as  contrasted  with  the  open,  bright 
rays  of  the  sun.  Considerable  load  is 
taken  from  the  nervous  system  when  it 


is  provided.  Furthermore  it  keeps  the 
flies  partially  controlled. 

8.  Abundant  ventilation.  All  awimwlw 
demand  an  abundance  of  fresh,  pure  air.. 
They  are  continuously  giving  off  moisture 
and  carbon  dioxide,  a poisonous  gas. 
This  means  that  the  bam  air  is  steadily 
becoming  laden  with  products  that  are 
unhealthful.  The  essential  thing,  there- 
fore, is  to  supply  a circulation  of  fresh  air 
without  drafts  in  such  a way  as  to  remove 
the  foul  air  and  not  interfere  with  the 
comfort  of  the  animals. 

The  air  change  required  by  animals  is 
variously  estimated,  but  it  is  generally 
conceded  that  the  air  should  change  at 
least  3 and  upwards  to  6 times  or  more  an 
hour  for  best  optimum  results.  The  aver- 
age amount  of  air  inspired  and  exhaled  per 
hour  is  estimated  for  mature  animals  approxi- 
mately as  follows: 

Hone  ...  100  to  200  cubic  feet,  an  average  of  150 

Cow  ...  80  to  160  cubic  feet,  an  average  of  120 

Swine  ...  40  to  100  cubic  feet,  an  average  of  70 

Sheep  ...  20  to  50  cubic  feet,  an  average  of  25 

This  does  not  mean  that  this  much  air  has 
to  be  provided  every  hour,  but  it  does  mean 
that  this  much  air  passes  into  and  out  of  the 
lungs  in  that  period. 

Estimates  as  to  the  amount  of  fresh  air 
which  should  be  allowed  the  different  animals 
per  hour  and  the  cubic  feet  of  barn  air  space 
they  should  be  allowed,  are  as  follows  (although 
accurate  experimental  evidence  to  give  them 
weight  is  lacking): 


MATURE  ANIMAL 

CO.  FT.  FRESH 
AIR  PER  HOUR 

CU.  FT.  SPACE 

IN  EARN 

Horse  . . . 

4.000 

900 

Cow  .... 

3,000 

|70© 

Hog  ...  . 

1,500 

260 

Sheep  . . . 

800 

150 

Ventilation  can  not  be  secured  to  great  ad- 
vantage without  system,  hence  there  have  been 
developed  two  great  ventilating  systems,  the 
King  and  Rutherford,  both  exceptionally 


Fig.  560.  The  low  cost  of  a movable  shelter  like  this  fa, 
repaid  many  times  over  ia  the  added  comfort  of  the  stock 
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good.  The  former  is  particularly  popular  in 
the  Middle  West,  and  the  latter  m the  north- 
ern, colder  climates  where  it  is  said  to  work  to 
. good  advantage.  (See  Chapter  33.) 

Some  schemes  for  securing  ventilation — 
schemes  which  do  not  interfere  with  the 
safety  and  comfort  of  the  animals— are  based 
on  (a)  the  use  of  cupolas  which  have  upwardly 
slanting  slats  which  tend  to  pull  the  current 
of  air  upward,  deflecting  it  from  the  barn 
proper  (a  screen  over  it  tends  to  keep  birds  out 
of  the  hay  mow  and  barn  proper) ; (b)  the  use 
of  windows  hinged  at  the  bottom  and  swing- 
ing inward  from  the  top  are  useful  as  are  also 
the  ordinary  windows;  (c)  the  use  of  double 
doors,  the  upper  and  lower  half  of  which  can 
be  closed  separately  are  used  widely;  (d) 
the  King  and  Rutherford  ventilating  systems 
which  provide  means  for  the  air  to  enter  as 
well  as  to  escape  from  the  building,  the  gen- 
eral principle  under  which  they  work  being 
that  warm  air  is  lighter  than  cold  air. 

livestock,  whether  work  animals  such  as  the 
horse  or  the  ox,  fattening  animals  such  as  the 
hog  and  steer,  milk-producing  animals  such 
as  the  dairy  cow,  and  goat,  or  breeding  females, 
cannot  do  their  best  without  an  abundance 
of  fresh  air — air  that  is  continuously  and 
gently  circulating  over  their  bodies. 

9.  Sanitation.  We  are  living  in  a sanitary 
age  because  we  now  appreciare  what  sanita- 
tion means;  this  is  nothing  more  nor  less  than 
keeping  things  healthy  through  the  elimina- 
tion of  disease  germs  when  they  gain  access, 
but  primarily  the  prevention  of  their  getting 
a foothold  or  even  mining  an  entrance. 

Cleanliness  is  highly  important,  and  a build- 
ing, to  be  kept  clean,  must  be  free  and  acces- 
sible to  the  broom,  the  spray,  and  the  pitch- 
fork.  To  this  end  walls,  roofs,  and  floors 
should  be  tight  and  smooth. 

Dust,  which  carries  countless  millions  of 
bacteria  including  many  disease-producing 
ones,  should  be  so  far  as  possible  prevented. 
In  the  dairy  bam,  for  instance,  dust  from  the 
hay  mow  is  undesirable;  to  prevent  it  tongued 
and  grooved  lumber  should  be  used  between 
the  floors,  and  the  hay  should  be  brought 
down  through  hay  chutes,  carefully  screened 
off  from  the  bam  proper. 

The  prompt  removal  of  litter  is  highly  im- 
portant. The  easier  this  can  be  done  the  more 
likely  it  is  to  be  done  properly,  completely 
and  quickly.  The  litter  carrier  (p.  392) 
smooth  floors,  and  a handy  stall  arrangement 
are  of  considerable  help.  Let  us  forget  that 
some  animals,  such  as  the  pig,  live  and  there- 
fore breathe,  eat,  drink  ana  sleep  dose  to  the 
ground.  For  this  reason  if  for  no  other,  the 
floors,  and  the  yards,  stalls,  and  pens  in  which 
livestock  are  kept  should  be  carefully  kept 
dean  of  objectionable  material. 

10.  Safety.  The  modem  slogan  “Safety 
First,”  is  of  particular  importance  in  connec- 
tion with  correct  livestock  hodsing.  It  is 
not  uncommon  nowadays  for  a man  to  own  a 


Oak  Guaab 


Fig.  561.  A safe'y 
halter  tie  such  as  this 
used  to  fasten  mares  will 
„ prevent  the  loss  of  many 

a foal  that  might  otherwise  get  the  rope  around  its  neck 
and  be  stranded  to  death. 

dairy  cow  worth  $1,000  or  a beef  bull,  worth 
$2,000  or  herd  boar  worth  $1,200  to  $1,500. 
Such  high  capitalization  makes  it  necessary 
that  we  provide  for  the  safety  of  the  animals, 
by  protecting  them  from  mechanical  injury 
and  disease.  Fenders  that  save  the  little 
pigs,  safety  doors  that  cannot  strangle  or 
injure  animals;  proper  pladng  of  manger 
and  halter  ties;  large  box  stalls,  and 
countless  other  details  help  bring  about 
this  result. 

Here  are  some  features  which  need  special 
consideration:  Avoid  low  doorways , and  nar- 
row ones,  if  too  low  horses  may  bump  their 
heads  and  develop  poll-evil;  if  they  are  nar- 
row, horses  and  cattle  may  knock  down  their 
hips.  Avoid  high  sills , particularly  in  brood 
sow  pens,  because  the  mere  dragging  of  their 
bodies  over  these  sills  while  the  sowb  are 
heavily  pregnant  may  result  in  dead  pigs 
at  farrowing  time.  Avoid  “slick”  slippery 
floors , particularly  in  dairy  bams,  or  we  may 
expect  animals  to  be  injured  by  seriously 
spreading  their  legs.  Avoid  unstable  construc- 
tion that  results  in  bams  being  blown  down 
when  heavy  winds  come,  ventilators,  win- 
dows, and  doors  that  easily  jar  loose,  etc. 
Avoid  weak  or  damaged  and  unrepaired  par- 
titions; stallions  have  been  ruined  by  getting 
their  feet  through  such  partitions  and Tweak- 
ing their  legs;  hogs  and  sheep  have  strangled 
themselves  in  dangerous  partly  boarded  places 
of  this  sort.  Avoid  “chuck”  holes  in  the  floor 
which  are  a source  of  constant  danger  to 
sucking  pigs.  Avoid  steep , treacherous  in- 
clines, particularly  those  unequipped  with  side 
rails  or  walls,  and  proper  cleats;  many  a 
horse  has  been  made  unsound  through  care- 
lessness in  this  connection.  Avoid  low  man- 
gers into  which  horses  and  cattle  can  jump; 
make  such  structures  of  just  the  right  height 
for  the  animals  that  are  to  use  them.  Avoid 
sheep  bams  that  can  not  be  fenced  and  closed 
tightly  against  dogs  or  other  enemies.  There 
are  hundreds  of  such  little  details  that  must 
be  given  attention  if  the  greatest  possible 
safety  is  to  be  assured. 

11.  Comfort  The  ease  and  contentment 
of  livestock  counts  for  much.  The  dairy  cow 
is  highly  sensitive  to  her  surroundings,  and 
must  be  comfortable,  if  the  milk  pail  is  to  be 
filled.  This  involves  such  paints  as  . the  size 
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Fig.  562.  The  comfort  of  these  cattle  is  increased  by 
the  height  of  the  feeding  bunk  which  is  built  especially  to 
fit  them.  They  would  be  even  better  off  if  in  place  of  the 
knee-deep  mud  there  was  provided  a dry,  straw-covered 
concrete  pavement. 

of  the  gutter  and  its  distance  from  the  manger; 
and  the  height  of  the  manger  with  respect  to 
the  animal  it  is  provided  for.  Handy  stop 
boards  can  be  placed  in  the  pig  pens  so  as  to 
keep  the  bedding  in  a certain  corner  and  thus 
assist  in  maintaining  a warm,  soft  bed. 
Plenty  of  space  should  always  be  provided 
because  crowded  animals  are  not  at  ease  and 
never  crowd  naturally  except  to  keep  warm. 
Everything  possible  should  be  done  to  induce 
livestock,  especially  dairy  cows,  fattening  ani- 
mals and  hard-worked  horses,  to  lie  down  and 
rest.  Much  more  energy  is  liberated  when 
animals  are  standing. 

12.  Convenience.  What  is  one  man’s 
convenience  is  another  man's  inconvenience, 
and  each  should  plan  to  suit  himself;  yet 
there  are  some  details  that  are  effective  aids 
in  all  cases.  For  example,  a modern  complete 
watering  system  saves  steps,  saves  pumping, 
and  the  need  of  constant  attention.  Handy, 
well-located  feed  bins,  root  cellars,  silos,  mows 
and  hay  chutes  simplify  work  and  save  time. 
Feed  alleys  should  be  of  ample  width  so  placed 
that  the  feeding  can  be  done  with  the  least 
expenditure  of  time  and  labor.  Work  rooms 
where  milk  is  separated,  where  tools  are 
handled  and  repaired,  or  where  harness  is 
kept,  should  receive  attention  as  to  location 
and  arrangement.  Feeding  boxes  and  hay 
racks,  if  carefully  placed,  have  an  important 
effect  in  saving  exertion.  Well-placed  doors 
and  windows  are  easier  to  open  and  close,  and 
insure  satisfactory  ventilation.  Litter  car- 
riers save  time  and  do  their  work  cleanly  with 
the  least  hand  labor,  and  the  same  is  true  of 
hay  and  silo  carriers.  When  vehicles  are 
stored  in  the  horse  barn,  handy  exit  doors 
should  be  provided  so  that  the  horse  can  be 
attached  inside  the  barn.  Offices  and  general 
headquarters  for  the  farmstead  located  in  one 
of  the  barns,  are  often  a great  convenience  not 
only  for  the  livestock  husbandman  but  for 
the  women  of  the  farm  as  well. 

The  convenience  of  the  animal  should  also 
be  considered,  particularly  if  it  is  self-fed. 
How  much  more  likely  it  is  to  eat  generously 
if  the  feed  is  handy  and  accessible.  And  how 
much  more  likely  it  is  to  drink  plenty  of  water 
if  the  trough  is  under  cover  and  handy  to  the 
place  where  it  sleeps. 


13.  Serviceability.  That  barn  which  is 
most  useful  every  day  in  the  year  is  worth  a 
great  deal  more  than  the  special-purpose 
barn  which  can  be  utilized  only  at  certain 
seasons  or  for  special  functions.  The  more 
continuously  it  is  used  and  the  more  results 
it  can  accomplish,  the  less  costly  it  is  per  day 
of  usage.  The  barns  can  be  so  built  as  to 
shelter  different  kinds  of  animals,  or,  with 
slight  changes,  to  provide  space  for  various 
operations  none  of  which  may  be  important 
enough  or  last  long  enough  to  justify  a build- 
ing of  its  own. 

14.  Sufficient  size.  Overcrowding  is  poor 
policy.  The  barn  must,  therefore,  be  large 
enough  to  house  all  the  animals,  and  each  stall 
or  pen  must  be  of  sufficient  size  to  meet  the 
demands  made  upon  it.  Old  animals,  of 
course,  require  more  room  than  young  ones, 
stallions  more  than  mares,  and  bulls  more 
than  cows.  In  arranging  for  fat  cattle,  we 
must  make  allowance  for  the  hogs  which 
follow  and  which  are  usually  an  essential 
adjunct. 

As  an  approximate  estimate  of  the  number 
of  square  feet  of  floor  surface  which  should  be 
available  for  different  animals  standing  and 
lying,  the  following  figures  may  be  useful: 


KIND  AND  SIZE  OF  ANIMAL 


SQ.  FT. 
REQUIRED 
PER  HEAD 


Swine 

50-100  pounds 

100-200  pounds 

200-300  pounds 

300-400  pounds 

400-500  pounds 

One  sow  with  litter 

Three  or  more  sows  with  litters,  each 

Boars,  mature,  single 

Beef  Cattle 
Calves  and  steers: 

75-150  pounds 

150-300  pounds 

300-500  pounds 

500-800  pounds 

800-1,100  pounds 

1,100-1,400  pounds 

Breeding  cows: 

Single  box  stall 

Cows  with  calves 

Bulls,  breeding,  box  stalls  . . . 
Dairy  Cattle 

Calves,  heifers,  and  steers  . . . 

Breeding  cows 

Bulls,  breeding 

Milking  cows  alone,  stanchions  . . 

Sheep 


3-4 

3-7 

6-9 

8-11 

10-13 

40-60 

20-60 

30-50 


7-11 

10-13 

12-16 

14- 19 
17-24 
23-35 

80-120 

25-50 

100-160 

Same 

Same 

Same 

15- 30 


50-100  pounds 

100-150  pounds 

150-200  pounds 

Over  200  pounds 

Mature  bucks 

Ewes  with  lambs 

Horses 

In  stalls 

Brood  mares  in  box  stalls  with  or 

without  colt 

Stallions  in  box  stalls 

Young^jjrowing  horse  stock  in  open 


4-7 

6-8 

7-10 

9-14 

9- 14 

10- 14 


20-50 

100-160 

120-200 


500-800  pounds  . 
800-1, 00O  pounds  . 
1,000-1  200  pounds 


16-25 

20-28 

24-38 
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15.  Durability.  That  building  which  will 
successfully  withstand  the  effects  of  rain, 
snow,  and  other  elements  and  the  wear  and 
tear  of  actual  usage  so  as  to  stand  up  in  the 
best  fashion  for  the  greatest  number  of  years, 
is  the  most  durable.  Heavy  construction 
helps  toward  this  end,  as  do  fireproof  ma- 
terials, and  paint  both  increases  the  length 
of  life  and  makes  a structure  more  solid. 

16.  Storage  facilities.  In  practically  all 
of  our  farm  buildings  some  storage  space  is 
essential.  The  hay  mow  above,  to  one  side, 
or  at  the  end  is  ever  a pressing  consideration; 
bedding  to  best  served  its  purpose  must  be  kept 
dry  and  intact;  grain  bins  properly  arranged 
and  handily  located  are  necessary;  and  work- 
ing equipment  nicely  covered  in  some  handy 
place  lasts  better  and  is  always  available. 

With  the  increased  use  of  gasoline  and  elec- 
tric power,  there  is  a noticeable  tendency  to 
store  grain  overhead  in  general  livestock 
bams,  although  there  is  a marked  tendency 
to  erect  single-story  buildings  for  swine  and 
dairy  animals.  Where  power  is  not  available, 
hay  is  often  stacked  up  in  the  central  portion 
of  the  bam,  or  else  to  one  side,  the  main 
point  being  that  it  comes  clear  to  the  ground. 
The  general  idea  is  to  provide  adequate 
storage  conveniently  within  the  bam  so  long 
as  it  does  not  interfere  with  the  general  effi- 
ciency from  the  standpoint  of  the  animals  to.be 
housed  and  of  the  caretakerwhodoes  the  work. 


17.  Reasonably  low  first  cost.  This  should 
be  in  line  with  the  kind  and  amountsof  service 
rendered.  Extra  service  may  require  extra 
expense,  but  the  value  received  should  always 
be  carefully  noted.  By  keeping  down  the 
height  of  the  walls,  and  by  increasing  the 
floor  space  under  a certain  roof,  we  save  ma- 
terials and  keep  down  costs. 

18.  Minimum  maintenance  cost.  The 
building  that  costs  the  least  to  erect  is  often 
the  most  expensive  to  maintain,  and  vice 
versa.  The  livestock  must  pay  dividends, 
and,  therefore,  must  be  housed  in  such  a 
manner  as  to  make  this  possible. 

19.  Pleasing  appearance  of  the  farmstead 
has  already  been  discussed;  the  same  general 
principles  apply  to  each  building  as  well  as 
to  all  of  them  together. 

20.  The  ability  to  meet  local  conditions. 
Many  of  the  points  already  discussed  in  this 
and  other  chapters  have  a bearing  here,  but 
the  importance  of  the  requirement  as  a whole 
should  be  emphasized. 

21.  Economy  of  time  has  reference  to  the 
owner  as  well  as  the  livestock;  the  energy, 
health  and  well  being  of  all  concerned  must  be 
considered.  Thus  there  should  be  kept  in 
mind:  nearness  to  pasture  and  shade,  conven- 
ient arrangement  of  feed,  water,  bedding,  etc., 
and  such  schedules  or  other  plans  as  will  lead 
to  the  avoidance  of  unnecessary  steps  in  doing 
any  work  around  the  building. 


The  Housing  of  Swine 

Pigs  need  protection  from  severe  cold  and  heavy  winds  more  than  most  ani- 
mals: they  should  be  kept  in  dry  quarters  because  they  are  very  susceptible 
to  rheumatism  and  kindred  ailments;  they  should  have  abundance  of  sunlight, 
both  because  it  is  especially  invigorating  to  young  growing  pigs  and  because 
it  cleanses  the  quarters.  In  summer  they  need  shade  from  the  very  sunlight 
that  is  so  important  in  winter.  Their  houses  should  be  sanitary,  for  of  all  ani- 
mals that  carry  a heavy  risk,  swine  are  the  leaders.  There  should  be  abundant 
space,  because  pigs  are  inclined  to  overcrowd,  particularly  in  cold  weather.  The 
first  cost  should  be  quite  low  because  the  average  hog  is  worth  much  less  than  the 
average  horse  or  cow.  And  because,  as  noted  above,  the  hog  lives  close  to  the 
ground,  it  is  always  subject  to  infection, 
unless  its  bed  be  kept  clean,  dry  and 
sanitary. 

There  are  two  types  of  hoghouses: 
the  large,  centralized,  community  or 
stationary  house,  and  the  small,  indi- 
vidual or  movable  house. 

The  community  house  contains  a 
large  number  of  pens  which  may  or 
may  not  have  movable  partitions,  and  is 
a comparatively  large,  elaborate  and 
durable  structure.  The  individual  house 
has  but  one  pen,  is  small,  simply  con- 
structed and  comparatively  durable.  As 


with  sides  and  roof  sections  raised  to  give  maximum 
ventilation  and  provide  maximum  shade  for  summer 
conditions. 
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representatives  of  these  types  we  may  consider  the  Iowa  Community  Sunlit 
House  (Fig.  558)  and  the  Iowa  Movable  House  (Fig.  563),  both  produced  and 
used  by  the  Iowa  Experiment  Station. 

The  following  general  considerations  must  be  borne  in  mind  in  settling  upon 
a correct  site  for  the  hoghouse,  whether  it  be  of  the  community  or  of  the  movable 
type:  (1)  Economy  of  labor  and  time;  (2)  sufficient  drainage;  (3)  sunny  exposure; 
(4)  southern  slope;  (5)  protective  windbreaks;  (6)  nearness  to  pasture  and  sum- 
mer shade;  (7)  suitable  elevation;  (8)  prevention  of  odors  reaching  dwelling; 
(9)  lessened  risk  from  disease  and  infection. 


The  Community  vs.  The  Movable 
House 


Advantages  of  the  community  house  as 
compared  with  the  movable  type  are: 

1.  Time  and  labor  required  may  be  less, 
since  facilities  for  feeding  and  general  manage- 
ment may  be  more  conveniently  arranged 
under  one  roof.  The  sunning  of  the  quarters 
can  be  done  without  extra  work  such  as  lifting 
the  side  doors;  ventilation  is  more  readily 
controlled;  the  stock  can  be  more  easily  shown 
to  prospective  buyers;  a horse  and  wagon  are 
not  needed  in  distributing  feed,  etc.;  there  is 
no  moving  of  houses;  and  repairs  are  more 
simply  made. 

2.  Durability  is  greater  as  would  be  natural 
with  a permanent  house. 

3.  Lighting  by  direct  and  diffuse  sunlight 
is  more  practically  arranged  because  of  the 

Ventilation  may  be  better  because  its 
principles  can  generally  be  carried  out  to 
better  advantage  in  a large  building. 

5.  The  general  equipment  required  is 
usually  less  and  more  compact. 

6.  Closer  attention  to  the  herd  is  possible. 

7.  The  herdsman  suffers  less  exposure, 
being  always  under  shelter. 

8.  Feed  storage,  water  supply,  etc.,  can  be 
more  handily  arranged. 

9.  Sanitation  is  better  provided  for  since 
concrete  and  tile  construction  can  be  used, 


roof  community  house  provides  it  to  a highly  satisfactory 

degree. 


and  litter  removed  more  easily.  Moreover 
wide  bands  iOf  sunlight  can  sweep  across  the 
entire  interior. 

10.  Vermin  may  be  eliminated  because  of 


Fig.  565.  The  tepee  type  of  individual  house  has  the  ad- 
vantages of  height  in  the  centre  and  inclining  sides  which 
afford  protection  to  little  pigs,  but  in  general  it  is  less 
popular  than  either  the  gable  or  A -shaped  type. 

the  solid  floors.  There  is  often  much  trouble 
with  rats  under  movable  houses. 

11.  Selection  of  a site  is  simpler,  because 
only  one  is  needed. 

12.  May  prove  more  serviceable  because 
a large  house  can  house  a greater  variety  of 
animals  than  a small  one. 

13.  Artificial  heating  is  easier  because  a 
single  stove  is  needed  as  compared  with  a 
number  of  heaters  for  scattered  movable 
houses. 

14.  One  common  feeding  floor  and  a com- 
mon wallow  can  be  used.  It  is  generally 
impracticable  to  have  a number  of  wallows 
for  different  movable  houses. 

15.  Danger  may  be  less  than  when  there 
are  several  houses  in  one  yard,  because  hud- 
dling and  piling  up  will  not  be  so  likely  to 
occur  in  a large,  warm,  permanent  house;  pen 
divisions  can  easily  be  arranged. 

16.  Provides  quarters  for  keeping  track  of 
the  operations,  such  as  an  office. 

17.  Fire  and  other  risk  may  be  lessened  by 
using  masonry  construction. 

18.  Grouped  swine  become  better  ac- 
quainted than  those  widely  separated. 

19.  Makes  the  saving  and  best  use  of  liquid 
manure  easier. 
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20.  Advertising  value  is  greater  because  of 
its  size,  permanence  and  general  impressive- 
ness. 

Disadvantages  of  the  community,  as  com- 
pared with  the  movable,  house  are: 

1.  Location  not  easily  changed. 

2.  Isolation  of  sick  animals  practically 
impossible. 

3.  Sanitation  may  be  made  difficult  on 
such  ground  as:  (a)  New  surroundings  can 
not  be  chosen  at  will;  (b)  rotation  of  pastures 
and  paddocks  not  easily  accomplished  unless 
the  swine  are  made  to  walk  a considerable 
distance  to  the  various  fields;  (c)  floors  are 
sometimes  damp;  (d)  dust  is  likely  to  be  more 
abundant  because  so  many  more  animals  are 
present  on  a small  area,  etc. 

4.  Construction  is  more  complicated. 

5.  Not  so  practical  and  economical  for 
beginners  or  owners  of  small  herds. 

6.  Much  higher  first  cost. 

7.  Artificial  heat  in  individual  pens  not  so 
easily  supplied.  It  is  a case  of  beating  the 
whole  house  or  going  to  the  extra  trouble  of 
partitioning  off  certain  portions. 

8.  More  fencing  is  required  to  provide 
similar  range  and  pasture  conditions. 

9.  Greater  probability  of  using  it  simply 
as  a special-function  house  particularly  for 
farrowing;  this  lessens  its  serviceability. 

10.  Risk  may  be  greater  because  the  per- 
manent house  is  usually  located  near  to  other 
buildings  where  the  chance  for  fire  is  greater 
and  where  lightning  is  more  liable  to  strike. 
Hail  may  damage  such  a house  as  the  Iowa 
community  with  its  open  windows. 

In  general,  the  selection  of  the  type  of  house 
should  resolve  itself  into  a happy  combination 
of  both  types,  the  advantages  of  one  over- 
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Fig.  566.  Plan  and  section  of  shed  roof  community 
hog  house  with  feeding  alley,  single  row  of  pens  and 
windows  in  front. 

coming  the  disadvantages  of  the  other,  and 
both  working  together  for  a more  harmonious 
housing  system. 

Types  of  Community  House 

The  shed  roof  type  (Fig.  566)  which  is  a 
very  simple  structure. 

The  half  monitor  (Fig.  569)  has  some 
advantages  as  regards  sunlight.  This  type 
faces  the  south,  the  light  being  secured  in 
both  series  of  pens  by  a double  set  of  windows. 

The  round  type  (Fig.  567)  is  very  little 
used  in  practice  because  it  is  difficultly  ar- 
ranged and  the  sunshine  is  hard  to  secure, 
neither  does  it  usually  fit  in  well  with  sur- 


Fig. 567.  Partial  plan  and 
section  of  round  community 
type.  Unless  used  for  sto 
the  *central  i 
wasted. 


I space  is  apt 


torage 
to  be 


rounding  build- 
ings, pastures, 
and  paddocks. 

The  modified 
community  ga- 
ble - roof  type 
(Fig.  569)  which 
is  fairly  popular, 
receives  its  light 
from  two  rows  of 
windows  on  the 
same  roof  side. 

The  regular 
Iowa  community 
sunlight  type 
(Fig.  568)  devised 
by  Professor  J. 

B.  Davidson  in  conjunction  with  the  author, 
which  has  a number  of  advantages  includ- 
ing the  following:  (1)  One  can  build  it  with 
a triple  row  of  pens  if  need  be.  (2)  More 
sunlight  and  its  better  distribution  is  possi- 
ble because  it  comes  directly  through  the 
roof  into  the  pens  and  bathes  the  house 
thoroughly.  Practically 
every  portion  is  in  the  di- 
rect sunlight  during  some 
time  of  the  day  (Fig. 
568).  (8)  Low  walls  are 
made  possible,  which  is  a 
very  important  consider- 
ation. (4)  Hollow-tile  con- 
struction means  extra  air 
spaces  within  the  walls  to 
keeP  the  interior  warm. 

| (5)  Ventilation  is  insured 

i 1 by  means  of  the  over-head 

windows  which  are  adjust- 
able, as  well  as  through 
the  ventilators  which  ap- 
pear in  the  roof.  (6)  The 
floor  may  be  built  of  tile, 
thus  providing  an  air 
space  between  the  layers 
of  concrete.  In  the  cen- 
tral feeding  alley,  ordinary  solid  cement  can 
be  used  because  the  hogs  do  not  ordinarily 


~ Fig.  568.  Section 
of  Iowa  Sunlighttype 
house  at  three  hours 
of  a March  day. 


of  sunshine  to  sweep 
clear  across  the  build- 


ing. 


Fig.  569.  Sections  and  floor  plan  (which  is  the 
for  all)  of  the  Half  Monitor  (top).  Modified  Gable  (entire) 
and  Iowa  Sunlight  types  of  community  house,  showing 
comparative  amounts  of  light  received. 
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have  to  He  there.  In  the  building  of  a com- 
bination concrete  and  tile  floor,  a simple,  some- 
what heavy  layer  of  concrete  is  put  upon  a 
firm  foundation,  after  which  the  rectangular 
clay  tile  are  put  in  and  covered  with  a 
second  layer  of  concrete.  Round  tile  may 
be  used  but  not  so  advantageously. 

The  Movable  House 

A good  type  of  movable  house  is  the  Iowa 

Sble-roof  (frip  571).  As  compared  with 
e A-type  (Fig.  672),  it  (a)  provides  more 
open  space  with  the  same  floor  area;  (b)  gives 
more  vertical  space  for  self-feeders  ana  other 
equipment;  (c)  makes  shade  doors  possible; 
(d)  provides  lor  easy  ventilation  both  summer 
and  winter  by  means  of  exits  underneath  the 
peak  ends  of  the  roof,  as  well  as  the  windows 
and  doors;  and  (e)  is  easier  to  move  because 
a rope  can  be  hitched  around  the  upright  side 


Fig.  571.  The  Iowa  gable  roof  movable  house  in 
winter.  Glass  sash  in  the  roof  keeps  the  interior  dry, 
bright  and  warm. 


wall  more  easily  than  around  the  nlawHwg 
sides  of  the  A house. 

The  greatest  virtues  of  the  A-type  are: 
(a)  It  provides  its  own  fenders  in  its  slanting 


side  walls  (But  in  providing  these  fenders 
much  room  is  lost),  (b)  It  is  cheap  to  build 
although  not  much  more  so  than  the  gable- 
roof  house,  everything  considered,  (c)  It  is 
very  easy  to  build,  and  easy  to  care  for,  es- 
pecially if  made  with  a door  in  the  side  wall. 

The  swine  farm  that  raises  sufficient 
hogs  to  justify  the  use  of  both  commun- 
ity and  movable  hog  houses,  is  particularly 
fortunate. 


The  Housing  of  Dairy  Cattle 

The  dairy  cow  is  essentially  a machine,  the  raw  materials  it  uses  entering,  the 
refuse  being  discarded,  and  the  finished  product  being  produced  within,  the  very 
structure  that  houses  the  machine.  We  must  therefore  provide  a barn  that  is 
suitable  as  a manufacturing  place  for  a perishable  and  easily  contaminated  prod- 
uct, as  well  as  a comfortable  home  for  the  animals. 

On  this  basis,  some  of  the  main  considerations  in  building  a dairy  cow  barn  are : 


1.  Sanitary  features.  The  walls  should  be 
smooth  and  substantial  and  the  floors  solid. 
In  the  mangers  there  should  be  partitions 
between  each  two  cowb,  and  gutters  should 
be  provided  to  drain  away  the  Uquid  man- 
ure and  to  catch  the  solid  excrement.  The 


floors  should  be  kept  dean  and  dry,  and 
made  of  materials  that  contribute  to  this 
end.  Odors  should  be  kept  down  by  pro- 
viding adequate  drainage.  Whitewash  may 
be  used  Hberally  both  to  make  things  sanitary 
and  to  improve  the  lighting. 


Digitized  by  v^.ooQle 


SPECIAL-PURPOSE  BARNS 


407 


2.  An  abundance  of  light  and  as  much  di- 
rect sunlight  as  is  reasonable.  One  square 
foot  of  flat  glass  surface  to  20  to  25  feet  of 
floor  surface  is  one  allowance;  another  is  4 
square  feet  to  the  cow.  The  whole  interior 
should  be  as  open  as  possible. 

3.  Safety  and  comfort  This  means  that 
stalls  of  the  proper  dimensions  should  be  pro- 
vided as  well  as  careful  methods  of  fastening 
the  animals  within.  Slippery  floors  must  be 
avoided  and  the  cows  should  not  be  made  to 
lie  on  damp,  wet  concrete  but  preferably 
on  creosoted  wood  or  cork  platform  blocks. 

4.  Ventilation  demands  special  emphasis. 
Two  general  schemes  of  ventilation  are  used, 
one  admitting  the  air  at  the  middle  of  the 
barn  over  the  alley,  and  taking  it  out  near 
the  floor  at  the  side  walls.  The  other  admits 
the  fresh  air  at  the  floor  level  of  the  outside 
walls,  passes  the  impure  air  out  overhead  in 
the  central  portions  of  the  bam.  It  is  a good 
principle  to  have  the  air  enter  so  that  it  will 
pass  over  the  cows*  heads  towards  the  rear 
rather  than  from  their  backs  forward.  Where 
the  cows  face  inward,  the  first  of  the  two 
systems  is  excellent;  where  the  cows  face 
outward,  the  second  may  be  preferable,  al- 
though either  might  be  used  to  advantage  in 
either  case  depending  upon  conditions. 

5.  Miscellaneous  considerations,  which 
may  be  grouped  under  the  following  heads; 
(a)  Provide  rooms  for  office,  washing,  storage 
of  clothes  and  weighing  (and  perhaps  the 
separating)  of  the  milk.  The  latter  should 
not  be  done  in  the  bam  itself,  (b)  Running 
water  is  desirable,  particularly  m the  milk 
and  washrooms,  (c)  Power  should  be 
available,  particularly  if  a milking  machine 
is  used.  It  is  well  to  allow  space  for  a 
milking  machine  and  the  power  to  run  it  in 
building,  even  if  the  apparatus  is  not  to 
be  installed  immediately,  (d)  A silo  and 
storage  room  for  concentrates  should  be 
near  at  hand,  (e)  Hay  storage  is  most 
convenient  when  easily  accessible,  whether 


above  or  at  the  end  or  side  of  the  bam.  (f) 
Not  more  than  2 towb  of  cow  stalls  should 
run  lengthwise  in  the  bam;  a larger  number 
makes  the  lighting  poor  and  ventilation 
difficult,  (g)  Most  good  barns  are  built 
north  and  south  so  as  to  secure  maximum 
sunshine. 


Arrangement  of  Cows 

Many  arguments  are  advanced  in  favor  of 
the  cowb  facing  each  other,  that  is  toward  a 
central  alley,  some  of  these  being: 

(1)  Sunlight  in  the  rear  of  the  cowb  keeps 
the  floor  where  they 
walk  drier  and  safer. 

(2)  The  light  is 
brightest  at  the  end 
of  the  cow  where  the 
milking  is  done, 
making  the  work 
easier  for  the  milker.  . 

(3)  Feeding  can 
be  done  along  one 
central  alley. 

(4)  The  alley  can  

be  at  the  highest  p,G  573  section  of  bam 
level  making  the  shown  below 

drainage  toward  the 

rear  of  the  cows — a desirable  sanitary 
condition. 

(6)  The  centre  of  the  bam  can  be  kept 
clean  and  more  attractive  to  the  eye  of  the 
casual  visitor. 

(6)  The  cows  do  not  have  to  face  directly 
into  the  light. 

(7)  It  is  easier  to  turn  the  cowb  [out 
and  handle  them  generally  when  the  ty- 
ing and  untying  are  done  along  the  central 


alley. 

(8)  Feeding  can  be  done  to  greater  advan- 
tage. If  the  cowb  face  outward,  either  there 
is  no  feeding  alley  or  it  is  likely  to  be  narrow, 
because  two  are  required. 

On  the  other  hand,  some  authorities  advise 
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that  the  heads  be  placed  outward  toward 
the  wall  for  these  reasons: 

(1)  Manure  removal  is  centralized,  all 
being  taken  from  one  alley. 

g)  Milking  is  done  more  easily,  particu- 
with  milking  machines,  since  less  shafting 
is  required  and  also  less  shifting  of  the  machine 
from  one  side  of  the  barn  to  the  other. 

(3)  Cows  come  in  together  through  the 
central  alley,  staying  together  until  they  reach 
theii  respective  stalls,  instead  of  entering 
on  two  sides  and  perhaps  meeting. 

(4)  Walls  are  not  spattered  with  manure. 

(5)  Brings  the  udders  of  cows  in  line  where 
they  can  be  compared  and  the  general  ap- 
pearance of  the  herd  studied.  However, 
the  light  is  not  so  good  for  such  an  examina- 
tion as  if  they  were  along  the  wall. 

Both  the  schemes  are  used  in  practice,  and, 
depending  upon  local  conditions,  both  are 
satisfactory  and  good.  It  is  largely  a matter 
of  individual  preference,  and  of  adapting  the 
most  efficient  scheme  to  the  particular  loca- 
tion. 

Types  of  Cow  Bam 

There  are  two  types  of  cow  barns.  One 
is  a general  type  which  takes  care  of  the 
entire  herd  and  also  stores  the  hay.  The 
other  type  is  developed  primarily  for  milk- 
ing purposes  and  consists  simply  of  two 

rows  of  cow  stalls  within  a well-  - 

lighted,  abundantly  ventilated 
structure  (Fig.  634).  In  this  case 
the  milk  room  may  or  may  not  be 
a part  of  the  barn  proper.  The 
former  scheme  is  best  adapted  to 
the  average  farm,  but  for  special- 
ized dairies,  the  latter  is  worthy 
of  a thorough  trial.  Fig.  674 
shows  a dairy  barn  in  which  these 
particular  points  may  be  empha- 
sized: 

1.  It  is  a general-purpose  barn, 
housing  all  the  animals  as  well 
as  the  milk  and  feed  room.  An 
office  may  be  included  also. 

2.  There  is  a central  feeding 
alley  with  the  cow  stalls  and  calf 
pens  to  the  left  and  the  box  stalls 
for  young  stock,  maternity  animals 
and  bulls,  and  also  the  milk  room, 
to  the  right.  3.  The  hay  chute 
is  well  located,  coming  down  in 
the  feed  room  so  as  to  avoid  dust 
in  the  cow  stalls.  A poor  location 
for  the  hay  chute  is  also  marked. 

4.  The  silos  are  placed  at  the 
north  (the  shady)  end  of  the 
building. 


6.  The  calf  pen  and  milk  room  are  placed 
on  the  south  (the  sunny)  side. 

6.  The  calf  pen  is  placed  directly  across  from 
the  milk  room,  making  it  easier  to  feed  either 
whole  or  skimmilk.  This  has  some  disad- 
vantages in  so  far  as  odors  being  carried  to 
the  milkroom  is  concerned,  but  it  is  excellent 
from  the  standpoint  of  convenience. 

7.  The  hay  storage  space  is  conveniently 
located  above. 

8.  The  feed  room  is  handy  to  the  silos  so 
that  silage  can  be  mixed  withthe  grain  to  good 
advantage. 

On  the  dairy  farm,  the  sires  are  sometimes 
housed  in  a general-purpose  barn,  but  if  a 
number  of  bulls  are  to  be  kept,  a special  set 
of  bull  pens  is  highly  advantageous.  Fig.  675 
showB  the  south  elevation  and  floor  plan  of 
such  a structure  suitable  for  6 bulls  each  kept 
alone.  Note  that  they  have  a little  open 
run  on  the  south,  a part  of  which  is  paved  so 
as  to  give  them  solid  footing  just  as  they  step 
out  of  their  pen.  The  feed  alley  is  con- 
veniently arranged  along  the  front.  Hay 
and  bedding  may  be  stored  above.  Sliding 
doors  are  used  to  the  pens  because  they  are 
strong  and  safe.  The  feed  room  is  on  the 
north  side  in  a central  portion,  making  it 
handy  for  feeding  as  well  as  for  the  unloading 
of  feed  from  the  outside. 
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Elevation  and  plan  of  bull  pens  especially  adapted  to 
the  needs  of  a pure  bred  breeding  establishment. 


The  Housing  of  Beef  Cattle 

Beef  cattle  are  housed  much  more  amply  than  dairy  cattle,  four  general 
types  of  bam  being  used,  the  first  for  the  breeding  herd,  the  second  for  the  fat* 


Digitized  by  v^.ooQle 


SPECIAL-PURPOSE  BARNS 


409 


tening  cattle,  the  third  for  a combination  of  the  above,  and  the  fourth  for  tem- 
porary shelter  in  the  pasture.  Fig.  576  shows  a good  general-purpose  bam  for 
beef  cattle.  It  might  be  even  better  if  the  cows  were  changed  to  the  west,  and 
the  calves,  etc.,  to  the  east  side.  The  features  to  be  noted  in  this  bam  are: 


1.  A central  feed  and  service  alley  wide 
enough  to  take  care  of  the  cattle  as  well  as 
the  feeding  operations. 

2.  Stalls  for  breeding  cows  (preferably  on 
the  west  side)  provided  with  open  partitions 
high  enough  to  keep  the  cows  nicely  separ- 
ated. 

3.  Abundant  windows  on  both  east  and 
west  sides,  the  bam  itself  running  north  and 
south. 

4.  Calf  pens  and  bull  pens  (preferably  on 
the  east  side)  where  the  animals  may  run  out 
for  sunshine.  These  are  connected  with  out- 
side runs  which  are  not  provided  for  the  breed- 
ing cows.  The  latter  can  be  taken  in  groups 
through  the  service  alleys. 

5.  Silos  are  placed  on  the  north  to  furnish 
protection. 

6.  The  feed  room  is  separated  from  the 
silos,  being  placed  next  to  the  office  for  con- 
venience sake.  Ordinarily  the  feed  room 
would  be  placed  next  to  the  silos,  but  on  many 
beef-cattle  farms  silage  is  fed  alone.  This 
arrangement  could  easily  be  changed. 

7.  The  office  is  placed  on  the  south  where 
it  is  nice  and  warm. 

8.  Abundant  hay  storage  is  provided  for 
above — this  is  quite  essential. 

Fattening  shed.  A feeding  bam  for  fat- 
tening beef  cattle  is  shown  in  Fig.  677.  This 
bam  is  particularly  well  adapted  for  the  stor- 


age of  a large  amount  of  hay.  It  also  gives 
complete  protection  to  the  cattle.  Note  that 
the  feed  bunks  for  silage  and  grain  feeds  are 
arranged  along  the  outer  wall.  A feed  car- 
rier track  could  easily  be  erected  between  the 
silos  and  these  bunks.  Fattening  cattle 
such  as  steers  which  are  bought  on  the  open 
market  can  be  advantageously  housed  in  a 
very  simple  open  shed  facing  the  south,  pref- 
erably arranged  with  hay  storage  above  for 
convenience  sake. 

Fattening  steers  running  in  groups  should 
be  provided  with  the  following  conditions: 
(1)  Plenty  of  open  air  and  sunshine.  (2) 
sh  Iter  from  cold  winter  rains  and  snowB 
and  also  hot  sunshine.  (3)  A dry  bed  to 
sleep  upon  and  solid  footing  on  arising.  Yet 
it  is  surprising  how  well  steers  will  do  even  if 
they  have  to  go  knee  deep  in  mud  out  to  the 
feed  bunks.  (4)  A place  for  the  hogs  follow- 
ing the  steers  to  consume  the  voided  and 
otherwise  wasted  grain.  It  makes  consider- 
able difference  in  the  housing  of  a bunch  of 
steers  whether  or  not  an  extra  hog  or  two  is 
going  to  sleep  with  them.  These  hogB  must 
be  provided  for  either  in  a separate  structure 
or  m a protected  comer  of  the  same  building; 
(6)  Handy  hay  and  feed.  Hay  is  best  pro- 
vided and  also  fed  inside,  where  the  cattle 
can  eat  and  be  contented.  (6)  Open  water 
should  always  be  provided.  It  is  best  al- 
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lowed  inside  but  a short  distance  outside  is 
all  right,  provided  the  animal  has  protection 
from  the  winds  while  going  to  the  watering 
trough.  (7)  The  steer  place  should  be  quiet 
and  well  away  from  unusual  noises.  Steers 
coming  from  the  range  country  are  not  accus- 
tomed to  the  congestion  found  on  the  average 
farm.  They  often  are  afraid  of  men  on  foot, 
and  shy  at  other  animals  simply  because  they 
are  unusual.  A wild  steer  is  made  often 
more  wild  by  his  environment,  whereas  for 
best  results  his  surroundings  should  be  quiet, 
and  in  harmony  with  his  nature. 

Points  of  a good  feeding  shed.  A shed 
which  provides  these  essentials  is  shown 
above.  Note  these  points  in  connection 
with  it:  It  faces  the  south.  Hay  and  bedding 
are  stored  above.  The  feed  rack  for  hay  is 
handily  placed  at  the  north  side  of  the  pens. 
The  watering  trough  is  to  the  south  outside 
of  the  shed  and  near  by.  The  paved  run  ex- 
tends out  a few  feet  from  the  shed  proper 
to  provide  solid  footing;  here  the  feed  bunks 
can  be  placed.  Windows  are  placed  in  the 
front  or  south  elevation  so  as  to  provide  light 


in  the  hay  mow;  if  the  hay  mow  is  dispensed 
with  they  provide  for  the  shed  interior.  Note 
further  that  this  shed  is  wide  and  open  with 
very  little  to  disturb  or  interfere  with  the 
steers  as  they  lie  in  it.  The  straw  chutes  are 
placed  in  a favorable  position  for  throwing 
the  bedding  directly  to  the  point  where  it  is 
needed. 

A handv  cattle  shelter  built  in  the  woods 
or  in  the  field  or  in  the  pasture  is  of  much  im- 
portance on  many  farms.  Such  a building 
that  is  in  use  on  one  large  farm  and  which  has 
given  excellent  satisfaction  at  a comparatively 
low  first  cost  embodies  the  following  note- 
worthy features:  (1)  It  is  made  of  tile 

blocks,  which  provide  a warm  structure. 
(2)  It  faces  the  south.  (3)  The  glass 
windows  provide  an  abundance  of  sunlight 
within.  (4)  The  open  entrance  door,  large 
and  spacious,  is  placed  in  the  southeast 
corner.  This  permits  the  early  morning  sun 
to  strike  directly  into  the  barn  and  also  in- 
sures that  southwest  winds  (which  prevail  in 
the  Corn  Belt)  will  not  blow  into  it.  Storage 
for  hay  may  be  provided  on  the  second  floor. 


The  Housing  of  Sheep 

In  general  two  types  of  bams  are  built  for  sheep;  one  a general  bam,  housing 
the  breeding  flock  and  other  sheep  in  general,  and  the  other  is  a fattening  shed. 


Some  important  features  of  a general 
sheep  barn  are  as  follows: 

(1)  Keep  things  particularly  diy  under  foot 
because  sheep  can  not  stand  much  mud.  (2) 
Sheep  require  more  floor  space  in  proportion 
to  overhead  hay  storage  than  do  cattle  or 
horses.  (3)  Sheep  being  well  provided  with 
a warm  covering  do  not  need  a very  warm, 
snug  barn,  but  the  barn  should  nevertheless 
be  built  with  warm  walls  and  so  arranged  that 


it  can  be  kept  open  on  the  south  and  east  by 
the  handy  placement  of  easily  opened  large 
doors  and  windows.  (4)  Sheep  need  protec- 
tion from  rain  and  snow  particularly,  and  ar- 
rangements should  be  made  for  getting  them 
under  cover  whenever  storms  come.  They 
are  particularly  prone  to  stay  outside  when 
they  should  be  inside.  (5)  Trie  walls  should 
be  smooth  inside  so  as  not  to  catch  and  tear 
the  wool.  (6)  Convertible  panels  are  a 
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handy  asset  in  the  sheep  bam,  particularly 
when  they  are  interchangeable  and  can  be 
used  to  make  pens  of  different  sizes.  (7) 
Ordinary  movable  feeding  bunks  and  hay 
racks  can  be  largely  used  although  some 
permanent  racks  are  in  order.  (8)  A root 
cellar  or  silo  depending  upon  which  kind  of 
roughage  is  fed,  should  be  attached.  (9) 
Stove-heating  arrangements  should  be  pro- 
vided for  lambing  time.  Warm  lambing 
pens  are  also  in  order.  These  should  be 
tightly  closed  off,  making  provision,  of  course, 
for  vehtilation. 

Points  of  a good  general  barn.  A general 
L-shaped  sheep  bam  with  exercise  pens  to  the 
south  and  east  is  shown  below.  These  points 
should  be  noted  in  connection  with  it: 

1.  It  is  built  so  as  to  give  north  and  west 
protection,  which  is  desirable. 

2.  The  silo  is  placed  on  the  northwest 
comer  handy  to  the  continuous  feed  alley 
running  around  in  front  of  all  sheep. 

3.  The  feed  room  is  in  the  comer  handy  to 
the  silo  and  also  handy  to  both  ends  of  the  L. 

4.  A shepherd's  room  and  office  is  pro- 
vided next  to  the  feed  room  on  the  east  wnere 
he  is  close  to  the  ewe  and  lamb  pens. 

5.  Provision  is  made  in  the  eastern  portion 
of  the  L for  lambing  pens,  movable  partitions 
or  pens  being  supplied;  these  may  be  also  used 
for  rams. 


6.  The  ewe  lambs  are  run  in  one  bunch  and 
the  breeding  flock  in  another.  If  certain 
members  of  the  breeding  flock  need  special 
attention  they  can  be  taken  to  the  ewe  and 
lamb  pens. 

7.  Exercise  pens  are  provided  on  the  south 
and  west  where  there  is  an  abundance  of  sun- 
shine and  warmth;  this  is  much  better  than  if 
the  exercise  pens  were  on  the  north  and 
west  where  it  is  cold  usually  and  oftentimes 
bleak. 

8.  The  exit  doors  are  best  if  of  the  sliding 
sort,  but  those  next  to  the  ewe  and  lamb  pens 
should  be  snugly  fitted  so  as  to  make  these 
pens  warm.  The  ewe  lamb,  and  breeding 
flock  exit  doors  can  be  kept  open  most  of  the 
time. 

A fattening  shed  for  sheep,  whether  bought 
or  raised  on  the  farm  and  prepared  for  fatten- 
ing, may  be  a very  simple  structure.  Hay 
storage  can  be  provided  above  the  shelter 
proper  although  some  prefer  to  have  a biff  feed 
and  passage-way  in  the  front  where  this  is 
stored.  A scale  should  be  placed  out]  of  the 
way,  on  the  north  where  it  can  connect  with 
the  central  feed  and  passageway.  Si^ph  a 
shed  is  designed  simply  to  furnish  protection 
for  the  fattening  sheep  which  do  best  if  kept 
largely  in  the  open,  but  which  need  a warm 
bed  underneath  a waterproof,  snowproof, 
windproof  shelter. 


Fta.  578.  Sheep  barn  plan.  Sheep  need  but  little  protection  from  cold,  except  at  lambing  time,  but  they  muat 
be  kept  dry  and  given  yard  room  where  they  can  obtain  plenty  of  exerdae 
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The  Housing  of  Horses 

Horses  as  a class  of  farm  livestock  differ  from  the  meat  or  milk  producing 
animals  in  that  they  are  kept  in  large  measure  for  working  purposes.  This 
includes  of  course,  their  driving  and  riding,  for,  though  types  of  recreation  for 
man,  from  the  horse's  standpoint  these  are  forms  of  work.  In  building  a bam  for 
horses,  the  following  points  should  be  given  as  careful  attention  as  possible: 

1.  The  barn  should  be  handy,  and  particu-  preferably  9 or  10  with  the  same  depth  as 
larly  safe  and  comfortable.  Horses  being  singles. 

strong,  stalwart  animals  require  safe  construe-  General  horse  bam.  The  ground  floor  of  a 
tion  or  they  are  likely  to  injure  themselves,  general  horse  bam  is  shown  in Fig.  579.  Some 
A handy  driveway  and  feeding  passage,  par-  features  which  may  be  emphasized  here  are: 
ticularly  one  in  the  centre  with  the  horses  (1)  the  central  driveway;  (2)  the  horse  stalls 

facing  it  is  in  order.  This  is  a much  safer  all  on  one  side;  (3)  work  stalls  on  the  east  or 

arrangement  than  where  the  horses  face  out  early  morning  sun  side;  (4)  handy  entrances  to 
and  have  to  be  fed  from  the  “heel  end.”  A these  stalls  from  the  alley  way;  (5)  convenient 
place  for  harness  should  be  provided,  prefer-  harness  hooks  at  the  rear  of  the  horses;  (6) 
ably  to  the  rear  of  the  horses  although  handy  feeding  done  from  the  centre;  (7)  feed  bins  at 
harness  rooms  conveniently  placed  may  be  the  north  end  of  the  bam;  (8)  box  stalls  on  the 
used  for  special  harnesses.  It  is  much  easier  west  side  having  outside  communication  to 
to  take  the  harness  from  a peg  directly  be-  paddocks;  (9)  buggy  shed,  washing  floor  and 
hind  the  horse  than  to  run  half  way  across  the  wash  room  on  the  west  side  to  the  south;  this 
bam  with  it.  We  must  remember  that  the  washing  floor  can  be  used  for  washing  horses 

horse  is,  or  at  least  may  be,  a kicking  animal,  as  well  as  for  wagons.  Note  also  that  the 

hence  the  partitions  should  be  tight  and  solid,  buggy  storage  room  opens  to  the  outside.  A 

Solid,  strong  floors  are  also  essential.  A centre  watering  trough  may  be  placed  in  the  wash 
dividing  pole  where  horses  stand  by  pairs  in  room  if  water  is  available.  The  central  drive- 
open  stalls,  are  often  of  advantage.  The  way  is  big  enough  to  drive  through;  this  is 
mangers  should  be  fairly  deep  yet  easy  to  quite  important  particularly  in  filling  the  feed 
clean.  The  floor  should  be  sligntly  rough-  bins.  The  hay  chute  is  best  arranged  to  come 
ened  to  prevent  slipping  and  safety  doors  are  down  right  in  the  middle  of  the  driveway,  pre- 
to  be  commended.  ferably  dose  up  to  the  horse  stalls  on  the  east. 

2.  Protect  the  horse  from  drafts,  particu-  A good  stallion  and  mare  bam  is  shown  in 

larly  after  it  has  come  in  from  work.  Ventila-  Fig.  580  in  which  these  features  should  be 
tion  should  be  natural  and  easy,  rather  than  noted:  (1)  A sparious  service  and  feed  alley, 
draughty  and  violent.  (2)  Roomy  mare  stalls  on  the  west,  each  pro- 

3.  Provide  an  abundance  of  light.  Some-  vided  with  a hay  and  straw  chute  dose  to  the 

times  it  is  well  to  be  able  to  darken  a portion  of  wall.  (3 ) The  mare  stalls  open  to  the  service 
the  stable  so  as  to  keep  the  flies  down,  but  alley,  whence  the  mares  are  taken  to  pad- 

special  arrangements  can  be  made  for  this,  docks  on  the  north  side  for  exercise.  (4) 

The  windows  should  be  simply  protected  by  Stallion  stalls  on  the  east  with  separate  exits; 
means  of  iron  bars  or  heavy  screen  wire  to  these  may  be  used  for  mare  stalls.  (5)  Man- 
prevent  breakage.  gers  are  placed  in  the  stalls  next  to  the  service 

4.  The  floors  should  be  solid  but  not  hard  alley.  (6)  Sliding  doors  are  arranged  so  that 

and  unyielding.  Horses  that  are  compelled  one  door  covers  one  stall  openings  and  is 
to  stand  on  concrete  floors  often  puff  up  con-  stopped  in  such  a manner  that  omy  one  of 
siderably  in  their  feet.  Wood  creosote  these  exits  can  be  kept  open  at  a time;  this  is 

blocks  are  good  and  heavy  wood  slatted  floor-  advantageous  in  preventing  the  possibility 

ing  is  excellent.  of  two  stallions  or  two  mares  getting  out  at 

6.  Smooth  walls  prevent  injury  and  offer  the  same  time.  (7)  The  abundant  lighting 
no  places  against  which  the  horses  can  rub  through  windows  placed  on  the  east,  west 

their  tails  and  scrape  the  hair  off.  and  south  sides.  (8)  The  office  is  placed  on 

6.  Exercise  paddocks  should  be  provided  the  south  side  as  is  the  feed  room;  the  latter 

so  that  they  can  be  turned  out  easily,  prefer-  may  however,  be  placed  on  the  north  side  if 

ably  on  grass.  Hard-worked,  heavily  fed  deemed  advisable.  (9)  A water  supply  con- 
horses  should  be  given  their  exercise  on  off  trolled  by  a float  system  is  present  in  each  stall, 

dayB  so  as  not  to  develop  kidney  trouble,  a common  float  controls  all  of  the  concrete 

particularly  azoturia.  troughs,  one  of  which  supplies  each  two  stalls. 

7.  Spacious  stalls  are  highly  desirable.  This  is  a very  handy  earn  and  has  been 
Single  stalls  should  be  at  least  4 feet  wide  found  especially  adapted  to  those  farms  where 
ana  preferably  5 feet  by  8 to  10  feet  deep,  a considerable  number  of  mares  and  stallions 
Double  stalls  should  be  at  least  8 feet  wide,  are  kept. 


Digitized  by  V^OOQle 


414 


FARM  KNOWLEDGE 


Digitized  by  v^.ooQle 


This  farmstead  is  a success  because  it  is  efficient  as  well  as  attractive 


The  Iowa  sunlight  community  hog  house— a practical  building  for  practical  farms 


An  inexpensive,  convenient  commercial  house  for  a specialized  poultry  farm 

It  Is  Neither  the  Costliness  nor  the  Cheapness  of  a Building  That  Makes  It  a Success 
The  Point  Is:  Does  it  Get  Results? 

415 


Twin  silos  and  a single-story  cow  barn  on  a farm  where  architectural  effect  was  given  careful 

consideration 


< - 


A hollow-tile  silo  and  beef  cattle  feeding  barn  built  first  of  all  for  practical  results.  Inset  shows 
a handy  feed  wagon  for  carrying  mixed  silage  and  grains 

The  Silo,  Aside  From  Being  an  Invaluable  Asset  on  the  Stock  Farm,  Is  Often  a Striking 
Feature  of  the  Farm  Group.  There  Is  a Type  For  Every  Place  and  Every  Purse 

416 
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Although  the  types  of 
bams  designed  to  shelter  the 
different  classes  of  farm  ani- 
mals have  throughout  this 
chapter  been  discussed  as 
separate  units,  there  will  often 
be  need  to  combine  the  essen- 
tial features  of  two  or  more  of 
them  in  one  structure.  This 
may  result  from  the  kind  of 
farming  followed,  from  the 
condition  and  means  of  the 
farmer — whether  owner  or  1 
tenant,  from  the  difficulties 
of  the  location  with  regard  to 
the  obtaining  of  materials,  (< 
or  from  the  demands  of  econ- 
omy. The  small  farmer  will 
not,  of  course,  require  as 
costly  or  as  extensive  build-  FlG  Sia-  °*  aeSSS^a^^^taincooditk”  “ “ 
ings  as  the  one  who  operates 

a large  place  and  maintains  valuable  herds  and  flocks  of  high  grade  animals. 
But  on  the  other  hand,  the  diversity  of  his  limited  interests  will  call  for  a good  deal 


a large  place  and  maintains  valuable  herds  and  nocks  of  high  grade  animals. 
But  on  the  other  hand,  the  diversity  of  his  limited  interests  will  call  for  a good  deal 
of  careful  planning  so  that  all  his  stock  may  share  one  building  and  stiff  enjoy  the 
conditions  that  are  most  beneficial  to  each  of  them. 


There  are  so  many  different  functions  that  barns  may  perform,  and  so  many 
different  kinds  of  structures  that  are  admirably  adapted  to  such  performance 
that  it  is  difficult  to  describe  any  particular  types  that  are  entirely  suitable  for 
more  than  a single  set  of  conditions.  The  aim  of  the  writer  has  been,  therefore, 
to  give  general  principles  and  outline  certain  practices  so  that  the  livestock  man 
may  have  a somewhat  definite  basis  upon  which  to  work  in  building  a bam  most 
acceptable  to  himself  and  to  his  animals  under  his  particular,  and  sometimes 
peculiar  local  conditions. 


Fig.  583.  The  bank  bam  is  a common  and  valuable  type  in  northern  sections*,  The  hill  into  which  it  is  set> 
provides  much-needed  protection,  but  light  and  ventilation  must  also  be  provided  for.  a show^the  usual  method  of 
building  such  a bam;  o shows  a much  better  method  which  should  always  be  followed  if  possible. 
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Farm  Poultry  Buildings 

By  Professor  H.  L.  Kempster  of  the  College  of  Agriculture  of  the  University  of  Missouri,  who 
in  1911  organized  its  Poultry  Department , of  which  he  is  now  in  charge.  Previously,  with  the  rank 
of  Assistant  Professor,  he  had  been  in  charge  of  the  Poultry  Department  of  the  Michigan  Agricul- 
tural College,  from  which  institution  he  graduated  in  1909 . Before  entering  college  he  lived  and 
worked  on  the  southern  Michigan  farm  on  which  he  was  bom.  He  has  prepared  a number  of  ex- 
periment station  publications,  all  of  which  reflect  the  farmers'  view  point,  without  which,  as  Profes- 
sor Kempster  says,  "one  couldn't  fit  in  with  the  atmosphere  of  the  Middle  West."  The  modem  cry 
is  for  every  family  to  produce  as  much  of  its  food  as  possible.  A flock  of  hens  is  an  invaluable  help 
in  doing  so;  but  to  serve  its  purpose  it  must  be  well  cared  for  and  housed.  Details  of  its  care  are  treated 
in  Volume  I;  what  the  farmer  need  know  about  farm  poultry  buildings  is  given  here. — Editor. 

POULTRY  housing  plays  an  important  part  in  successful  poultry  keeping. 

If,  during  inclement  weather,  the  hens  are  not  kept  comfortable  they  will 
cease  to  be  productive.  Young  stock  will  not  thrive,  unless  given  the  proper 
protection.  Success  in  handling  fowls  depends  upon  3 important  factors:  (1) 
the  kind  of  stock;  (2)  the  poultryman  himself;  and  (3)  satisfactory  environmental 
conditions,  such  as  feeding  and  housing.  If  the  stock  is  poor,  or  the  poultry 
keeper  is  careless  or  unsympathetic,  the  results  will  be  unsatisfactory.  The 
poultryman  should  remember  that  good  housing  of  poultry  is  only  one  of  the 
factors  contributing  to  success,  and  that,  unless  it  is  accompanied  by  intelli- 
gent feeding  and  personal  responsibility,  discouragement  will  result.  On  the 
other  hand,  even  though  a good  ration  be  fed,  there  will  be  times  when  proper 
housing  is  necessary  for  economical  production. 

Essentials  of  a Poultry  House 

Comfort  is  one  of  the  essential  features  of  a poultry  house.  This  is  equally 
true  in  summer  and  winter.  Other  points  which  should  be  considered  are  sim- 
plicity of  construction,  economy  of  building  material,  efficiency  of  lighting  and 
ventilation,  and  the  convenience  of  the  attendant.  Due  regard  should  also  be 
given  to  the  location  and  dryness  of  the  house.  Money  is  often  spent  unneces- 
sarily in  providing  expensive  building  equipment.  Unduly  artificial  conditions 
are  neither  essential  nor  desirable  in  successful  poultry  raising.  A plain,  simply 
constructed  house,  well-lighted,  dry,  and  properly  ventilated  without  drafts  is  afi 
that  is  required.  The  interior  fittings  should  be  simple  in  design,  with  as  few 
cracks  as  possible,  thus  aiding  in  the  suppression  of  poultry  mites.  Lack  of  light 
and  dryness  also  encourages  disease,  which  may  easily  be  avoided  by  the  use  of 
poultry  houses  properly  designed. 

Location.  Convenience  of  location  and  arrangement  is  essential  to  economy 
of  time  in  the  care  and  management  of  poultry.  Many  chicken  troubles  may  be 
traced  to  the  selection  of  a site  or  soil  not  adapted  to  efficient  sanitation.  Perfect 
dryness  is  essential.  This  is  quite  largely  controlled  by  the  type  of  soil  and  the 
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contour  of  the  ground.  A light  soil,  such  as  a sandy  loam,  not  so  sandy,  however, 
but  that  it  will  produce  an  abundance  of  green  food  for  forage,  is  most  desir- 
able. The  lighter,  more  friable  soils  can  be  cultivated  more  easily  than  clay 
and  at  any  time  of  the  year.  They  also  drain  quickly,  and  warm  up  early  in  the 
spring.  Heavy  clay  soils  are  objectionable,  because  it  is  more  difficult  to  keep 
them  sweet  and  sanitary,  as  they  dry  out  slowly.  The  possibilities  of  cultivation 
and  reseeding  are  also  restricted  when  extreme  dryness  and  baking  occur.  The 
fact  that  such  soils  remain  muddy  longer  renders  conditions  disagreeable  for  at- 
tendants, and  a greater  number  of  dirty  eggs  may  result  from  muddy  feet. 

A low  spot  is  unsuitable  for  a poultry  house,  because  surface  water  is  apt  to 
accumulate  and  damp  air  always  settles  m such  places.  Land  which  is  naturally 
wet,  either  because  of  the  nature  of  the  soil  or  because  of  springy  conditions, 
should  be  properly  drained.  Muddy  quarters  cause  fowls  to  consume  large  quan- 
tities of  filth.  Dampness  also  results  m unhealthy  flocks.  A windbreak  should 
be  provided,  as  it  affords  protection  from  the  winds  and  the  sun.  If  possible,  the 
house  should  be  located  on  a south  or  an  east  slope,  where  the  ground  will  dry 
and  warm  up  quickly  in  the  spring. 

In  selecting  a location  for  a poultry  house,  the  farmer  usually  chooses  the  one 
nearest  to  his  home,  so  that  the  housewife  may  conveniently  care  for  the  flock. 
This  accounts  for  the  usual  location  of  the  poultry  house,  halfway  between  the 
house  and  the  bam,  where  it  is  easy  for  the  hens  to  overrun  not  only  the  farm 
buildings,  but  the  kitchen  porch  as  well.  The  indiscriminate  throwing  of  feed 
also  encourages  the  birds  to  inhabit  other  buildings  than  their  home.  If  the 
farm  poultry  house  is  located  so  as  to  make  it  natural  for  the  hens  not  to  overrun 
the  farm  buildings,  there  will  be  little  trouble,  provided  they  get  enough  to  eat 
at  home.  Frequently,  poultry  can  be  encouraged  to  run  in  an  adjoining  field  or 
orchard  by  a simple  arrangement  of  the  fences. 


Tar  ding.  As  perfect  sanitation  is  one  of 
the  requisites  to  success  in  poultry  raising, 
the  larger  the  yards  the  more  easy  it  will  be 
to  maintain  healthful  conditions.  While 
there  is  no  set  rule  as  to  the  amount  of  yard 
space  required,  if  wholesome  conditions  are 
to  be  maintained,  150  square  feet  of  yard 
space  should  be  allowed  each  bird.  Farmers 
neglect  this  important  essential.  They  allow 
only  room  for  the  house,  never  realizing  that 
the  unduly  artificial  conditions  afforded  by 
grassless,  hard,  filthy  yards  are  not  conducive 
either  to  health  or  to  economical  production. 
From  the  standpoint  of  the  farmer,  yardage 
may  be  desirable  at  times.  In  the  early 
spnng,  the  poultry  may  be  confined  while 
the  crops  are  getting  a start,  after  which  they 
may  be  turned  loose.  Occasionally  the 
poultry  is  yarded  in  order  to  protect  the  near- 
by crops.  Then,  too,  during  the  brooding 
period,  old  stock  should  not  be  permitted  to 
run  with  the  young,  as  the  latter  will  not 
thrive,  if  compelled  to  pick  their  living  with 
mature  fowls.  Grain  crops  may  often  be 
grown  upon  the  same  ground  on  which  the 
poultry  flock  is  running,  with  very  little 
injury  to  the  crop.  Corn  is  especially  adapted 
to  such  a practice,  and  it  furnishes  an  abun- 
dance of  shade,  when  needed.  By  plowing 
the  yards  occasionally,  the  soil  is  exposed  to 
the  sunlight;,  thus  tending  to  destroy  disease 


germs  and,  especially,  intestinal  parasites, 
which  latter  always  frequent  yards  in  which 
poultry  is  closely  confined.  In  addition  to 
making  the  yards  more  healthful,  the  growing 
of  crops  utilizes  the  droppings.  This  sweetens 
the  ground  and  reduces  the  feed  cost.  Per- 
manent sod  runs  cannot  be  maintained,  if 
more  than  400  hens  are  kept  on  an  acre. 
Sod  runs,  however,  do  not  furnish  as  much 
green  food  as  do  forage  crops.  Wheat  or  rye 
can  be  sown  in  the  fall;  oats  or  barley,  in 
the  early  spring,  followed  by  oats  and  rape, 
succeeded  by  rape  and  buckwheat.  In  this 
way,  an  abundance  of  succulent  feed  can  be 
provided. 


Fig.  584.  General  view  of  the  “Missouri”  house/de- 
signed to  combine  the  desirable  features  of  all  special 
types  in  one  building  in  which  the  farm  flock  can  be 
housed  safely  and  economically  under  average  conditions 
and  in  any  section  of  the  country. 
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Fig.  585.  The  “open-front"  house  provides  plenty 
of  ventilation  without  draughts  so  long  as  the  other  three 
sides  are  tight.  This  may  require  double  wall  construc- 
tion in  cold  sections  where  cloth  sash  may  well  be  used  in 
front  in  addition  to  the  wire  screening. 

While  the  ideal  of  the  farmer  should  be  to 
fence  the  poultry  out  instead  of  in,  and  in  this 
way  to  exclude  them  from  the  garden  and 
the  dooryard,  a little  forethought  will  enable 
him  to  follow  out  some  of  the  above  sugges- 
tions with  little  expense  without  sacrificing 
convenience. 

Height.  The  height  of  a poultry  house 
should  be  such  that  the  attendant  may  work 
conveniently.  This  will  afford  conditions 
satisfactory  for  the  birds.  It  is  also  best  to 
have  as  little  air  space  in  the  house  as  possible. 
If  & roof  of  sufficient  pitch  be  used,  tne  back, 
or  north,  side  of  the  house  need  not  be  more 
than  4 feet  6 inches  in  height.  It  is  usually 
desirable  not  to  have  the  height  of  the  south 
side  less  than  6 feet  nor  more  than  8,  except 
in  houses  of  special  design.  Where  light  is 
admitted  from  the  south  side  only,  the  front 
should  be  a little  less  than  half  as  high  as  the 
house  is  deep.  This  affords  a satisfactory 
arrangement  of  lighting. 

Width.  Generally  speaking,  narrow  houses 
are  more  expensive  to  construct  for  a given 
amount  of  floor  space  than  are  wide  ones. 
It  is  also  possible  to  reduce  the  amount  of 
floor  space  allowed  each  bird  with  the  wider 
houses.  With  modern  types  of  ventilation, 
it  has  become  more  important  to  arrange  the 
roosts  at  a considerable  distance  from  the 
front.  No  house  should  be  less  than  12  feet 
deep,  unless  constructed  for  special  purposes. 
The  nearer  square  a house  is,  the  cheaper  it  is 
to  construct.  A house  16  feet  deep  probably 
satisfies  the  requirements  as  well  as  any, 
although  many  stations  are  recommending 
houses  as  large  as  20  to  25  feet  square. 

Size.  The  size  of  the  house  will  depend 
upon  the  number  of  hens  that  are  to  be  kept. 
The  common  rule  in  poultryhouse  construc- 
tion is  to  allow  4 square  feet  to  a bird.  A 
house  20  feet  square  is  sufficient  for  100  hens. 
Each  hen  will  have  plenty  of  room.  In 
fact,  under  mild  climatic  conditions,  125 
could  be  housed  temporarily  with  no  ill  effects. 
On  the  other  hand,  it  would  not  be  advisable 
to  crowd  the  house  where  weather  conditions 
demand  close  confinement  over  a long  period. 
A house  containing  only  150  square  feet  of 
floor  space,  while  rated  to  house  35  birds, 
will  be  crowded  if  more  than  25  birds  are 


housed  in  it.  It  is  thus  seen  that  the  larger 
house  is  the  more  useful. 

Light.  Properly  lighted  houses  are  neces- 
sary for  satisfactory  production.  Sunlight 
is  the  cheapest  disinfectant  possible.  Dark 
quarters  are  conducive  to  filth,  dampness, 
and  disease.  A dark  house  is  also  unpleasant, 
and,  in  addition,  shortens  the  period  that  a 
hen  can  feed.  This  may  mean  all  the  differ- 
ence between  poor  and  good  egg  production. 
Experimentally,  it  has  been  shown  that,  by 
artificially  lengthening  the  day  during  the 
winter,  the  egg  production  more  nearly  ap- 
proaches that  which  is  expected  in  the  spring. 
Where  the  open-front,  or  muslin,  type  of 
ventilation  is  used,  a safe  rule  is  to  allow  1 
square  foot  of  glass  to  every  12  or  15  square 
feet  of  floor  space. 

Too  much  window  space  is  not  advisable. 
A house  with  such  an  excess  is  subject  to 
extremes  in  temperature,  due  to  warming  up 
on  sunshiny  days  and  to  the  radiating  of  a 
corresponding  amount  of  heat  at  night. 
In  winter,  the  high  temperature  causes  the 
combs  of  the  chickens  to  become  tender  and 
more  liable  to  freeze  than  in  houses  of  more 
uniform  temperature. 

A common  mistake  is  to  place  the  windows 
too  low.  Direct  sunlight  is  more  effective 
in  the  middle  of  the  pen  than  near  the  front. 
In  general,  the  height  of  the  tops  of  the  win- 
dows should  be  a httle  less  than  one  half  the 
width  of  the  house,  that  is,  in  a house  16  feet 
deep,  the  tops  of  the  windows  should  be 
7 feet  high.  The  windows  should  be  so  dis- 
tributed that  there  will  be  no  dark  corners. 
In  fact,  there  are  no  objections  to  placing 
windows  on  the  east,  west,  and  north  sides. 
With  such  an  arrangement,  there  are  no  dark 
corners;  and  in  this  way  the  laying  of  eggs 
on  the  floor  is  discouraged.  Also,  when  light 
comes  from  one  direction,  the  hen  always  faces 
in  that  direction  when  she  scratches,  and,  in 
consequence,  there  is  a gradual  movement  of 
the  litter  toward  the  back  side.  With  light 
evenly  distributed,  hens  face  in  all  directions. 
There  is  no  piling  up  of  the  litter  in  dark 
corners,  because  there  are  none.  It  is  inter- 
esting to  note  that  to  an  increasing  extent 
windows  are  being  installed  on  all  sides  of 
poultry  houses.  Windows  may  be  covered 
with  wire  screens,  so  as  to  keep  the  poultry 
in  and  the  sparrows  out.  J 

Ventilation.  An  efficient  system  of  ventila- 
tion is  the  most  essential  feature  of  a poultry 
house.  Birds  cannot  be  comfortable  & 
drafts  are  present  in  the  house;  and  yet  there 
is  no  class  of  livestock  that  demands  so  much 
. fresh  air  as  do  chickens.  This  is  because  the 
liquid  excreta  of  fowls  is  passed  off  almost 
entirely  through  their  lungs,  for  they  have 
no  sweat  glands  and  their  feces  are  compara- 
tively dry.  Unless  a poultry  house  is  wdl 
ventilated,  it  is  sure  to  be  damp;  and  in  a 
damp  house  there  are  sure  to  be  frozen  combs 
in  winter.  A damp,  cold  atmosphere  is 
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much  more  harmful  than  a dry,  continued 
cold  of  lower  temperature.  Other  indications 
of  poor  ventilation  are  frost  on  the  windows, 
wails,  and  roof,  and  a “chicken  smell”  or 
closeness  in  the  house,  due  to  the  foul  odors 
and  tough,  leathery  litter.  Such  conditions* 
will  result  in  an  abundance  of  colds,  a lack  of 
thrift,  weakened  vitality,  and  poor  egg  pro- 
duction. When  they  occur,  better  ventilation 
should  be  secured. 

Probably  the  most  popular  type  of  ventila- 
tion is  that  employing  cloth  curtains  or  frames. 
A cotton  frame  allows  the  air  to  work  through 
the  doth  and  yet  keeps  the  chickens  out  of  a 
draft.  The  doth  also  admits  an  abundance 
of  light.  The  cotton-front  house  is  effident 
as  long  as  the  doth  remains  dry.  If  it  be- 
comes wet,  it  retards  the  movement  of  air. 
Even  when  doth  frames  are  used,  the  frames 
should  be  raised  a greater  portion  of  the  day, 
so  as  to  air  out  the  house.  The  frames  may 
be  hinged  at  the  top  or  side,  or  made  to  slide 
up  and  down  like  any  window.  A moderate- 
sized frame  is  more  easily  handled  and  permits 
more  accurate  control  than  a larger  one. 
Where  cloth  is  used  in  houses  16  feet  in  depth, 
the  amount  of  doth  is  the  same  as  of  glass, 
that  is,  1 square  foot  of  cloth  to  every  12  to 
15  square  feet  of  floor  space.  If  the  house  is 
10  feet  deep,  use  1 square  foot  of  doth  to 
every  20  square  feet  of  floor  space;  and,  if 
the  house  is  20  feet  deep,  use  1 square  foot 
of  glass  to  every  10  square  feet  of  floor  space. 
The  doth  curtains  should  be  located  on  the 
south  side  of  the  house,  farthest  from  the 
roosts. 

Open-front  ventilation.  Another  type  of 
ventilation  is  that  known  as  the  open-front. 
This  type  consists  of  an  open  space  on  the 
south  side,  covered  with  wire  screen  only. 
The  popular  size  of  house  for  the  open-front 
is  20  feet  square.  It  is  not  adapted  for  houses 
of  less  depth.  On  the  south  side  of  such  a 
house  is  an  opening  3 feet  wide  one  foot  from 
the  floor,  running  the  entire  length.  In  the 
original  open-front  types,  the  south  side  was 
only  high  enough  to  permit  the  opening. 
The  roof  was  of  unequal  spans,  the  front  span 
being  twice  as  long  as  the  back  one,  the  ridge 
of  the  roof  running  east  and  west.  The 
windows  were  put  in  the  west  end,  and  a door 
in  the  east.  During  winter,  the  success  of 
ventilation  of  this  type  depends  upon  having 
the  sides,  back,  and  roof  of  the  house  entirely 
air-tight,  so  that  there  may  be  no  drafts. 
The  wind  will  drive  in  a short  distance,  but 
never  to  the  roosts,  which  are  on  the  north 
side  and  located  above  the  top  of  the  open 
space.  There  is  a gradual  outward  movement 
of  the  air  within,  thus  insuring  an  abundance 
of  ventilation.  The  open-front  type  has  an 
advantage  over  all  other  types,  m that  it 
requires  no  adjusting,  never  plugs  up,  and 
always  works.  This  type  adapts  itself  to 
temperature  changes  without  constant  atten- 
tion, and  in  this  way  reduces  to  a minimum 


Fig.  586.  Desirable  arrangement  of  roosts,  droppings 
board  and  nests,  with  dimensions,  shown  in  section  as 
seen  from  the  end  (a)  and  front  (6)., 


the  labor  of  caring  for  the  house.  It  probably 
meets  the  requirements  of  a simple,  effective 
farm  poultry  house  more  nearly  than  any 
other  type  that  has  been  previously  designed. 

An  item  often  overlooked  in  the  construction 
of  poultry  houses  is  the  summer  ventilation. 
This  is  particularly  the  case  in  the  South. 
It  should  not  be  overlooked  in  any  country 
where  the  temperature  gets  uncomfortably 
warm.  There  should  be  openings  on  the 
north  side,  in  order  to  insure  a free  circula- 
tion of  air  during  warm  weather.  One  of  the 
advantages  of  having  windows  on  more  than 
one  side  is  that  by  removing  the  windows  the 
openings  are  made. 

Tight  walls  necessary.  The  walls  of  a 
poultry  house  should  be  tight.  This  is 
necessary,  so  as  to  avoid  cross  drafts.  Noth- 
ing seems  to  affect  the  health  of  the  birds 
more  quickly  than  does  a cold  wind.  Colds 
are  sure  to  develop,  and  these  may  pave 
the  way  for  more  serious  infections.  While 
wood  is  more  frequently  used,  hollow  tile 
or  hollow  concrete  blocks  may  be  employed, 
although  they  are  much  more  expensive. 
Unless  there  is  a hollow  space  in  the  cement 
construction,  the  walls  are  apt  to  sweat  and 
the  house  become  damp.  The  same  is  true 
of  stone  construction. 

When  wood  is  employed,  it  makes  little 
difference  what  form  of  the  material  is  used, 
so  long  as  the  wall  is  such  that  the  air  cannot 
sift  through  in  winter.  Matched  flooring, 
sided  up  and  down,  makes  a tight  joint;  ana, 
in  many  sections,  car  siding  can  be  obtained 
at  more  reasonable  prices.  With  matched 
material,  a tighter  joint  may  be  obtained  by 
painting  the  joints  when  the  wall  is  being 
laid.  There  will  also  be  fewer  cracks  fl 
well-seasoned  lumber  is  used. 

It  is  equally  necessary  that  the  roof  be 
tight  also.  Sheeting  the  house  with  an  extra 
ceiling  on  the  inside  is  unnecessary.  For 
roofing,  probably  the  most  common  material 
is  some  brand  of  roofing  felt,  which  is 
easily  laid  and  which  forms  a tight  roof.  It 
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should  be  laid  on  a smooth  surface.  If 
shingles  are  used,  a cheap  grade  of  roofing 
paper  should  be  put  down  first,  otherwise 
the  wind  will  sift  through  the  shingles.  This 
necessitates  laying  a fairly  tight  roof  before 
laying  the  shingles.  If  a metal  roof  is  used, 
the  roof  should  be  prepared  as  for  shingles, 
that  is,  the  roof  boards  should  be  covered 
with  a cheap  grade  of  roofing  paper.  If  this 
is  not  done,  the  house  will  be  extremely  hot 
in  summer,  and  in  winter  there  will  be  mois- 
ture condensation  on  the  roof,  resulting  in  a 
damp  house. 

Interior  arrangement  Economy  of  floor 
space,  simplicity  of  construction,  the  fewest 


new-fangled  ideas  possible,  and  convenience 
in  handling  the  fowls,  are  all  points  to  be 
observed  in  the  arrangement  of  the  interior 
of  a poultry  house.  All  fixtures  should  be 
portable  and 
easily  remova 
ble,  so  as  to 
make  thorough 
cleaning  possi 
ble  an 
also 


Fig.  587. 
Simple  nest- 
box  con- 
struction showing 
wire  or  cloth  bot- 
tom and  hinged 
front  to  make  egg 
collection,  easier. 
Unless  ’placed  under  the 
droppings  board,  the  boxes 
should  be  closed  at  the  top 
so  as  to  be  dark. 


should  be  up  off  the  floor,  so  that  the  entire 
floor  space  may  be  used  by  the  hens  for 
scratching  purposes.  There  should  be  as 
few  cracks  ana  crevices  as  possible,  for  in 
these  filth  accumulates  and  parasites  thrive. 
Feed  boxes,  or  hoppers,  should  have  sloping 
tops,  so  that  birds  cannot  roost  upon  them. 
In  fact,  there  should  be  no  place  in  the  house 
for  the  hen  to  perch  except  the  roost. 

Floors.  One  of  the  main  things  that  con- 
tribute to  the  securing  of  a dry  house  is  a 
satisfactory  floor.  Of  the  3 types  of  floors — 
earth,  board,  and  concrete— the  earth  floor  is 
perhaps  the  most  common,  and  certainly 
the  cheapest  to  construct.  The  most  satis- 
factory floor,  however,  is  of  concrete.  It 
should  be  kept  covered  with  litter  to  prevent 
the  fowls  from  developing  sore  feet,  but 
other  than  this,  its  only  objection  is  the  orig- 
inal expense.  Earth  floors  nave  the  following 
disadvantages:  the  presence  of  dust  in  the 
house,  which  is  irritating  and  disagreeable 
to  the  chickens  as  well  as  to  the  caretaker; 
the  possibility  of  rat  invasions;  the  necessity 
of  removing  a portion  of  the  foul  earth  each 
year  and  replacing  it  with  fresh;  and  the 


more  frequent  cleaning  necessary,  because  an 
earth  floor  soils  the  fitter  and  becomes  sour 
and  filthy  quicker.  Obviously,  the  earth 
floor  involves  more  labor  and  expense  in 
care  and  upkeep  than  does  a concrete  floor. 

In  constructing  a floor  of  either  type, 
care  should  be  taken  to  have  the  floor  level 
at  least  6 inches  higher  than  the  surrounding 
ground,  so  that  the  floor  will  not  become  wet 
from  surface  water  outside.  Some  provision 
should  also  be  made  to  prevent  the  rise  of 
water  to  the  surface  of  the  floor  by  capillary 
attraction,  which  takes  place  like  the  rise  of 
oil  in  a wick.  Some  coarse  material,  such  as 
cinders  or  coarse  stone , (cinders  preferred), 
will  serve  the  purpose.  Tamp  well  a 4-inch 
layer  of  cinders  and  on. top  of  this  put  3 
inches  of  concrete  and  a finishing  coat  or, 
to  make  a really  satisfactory  earth  floor,  on 
top  of  the  cinders  put  a 2-inch  layer  of  damp 
clay.  Pack  hard,  smooth  well,  and  let  diy. 
After  it  has  dried,  it  should  be  covered  with 
an  inch  of  loose  earth,  which  tends  to  dis- 
courage hens  from  digging  holes  in  it.  If 
the  foregoing  suggestions  are  carried  out, 
there  is  no  reason  why  the  floor  of  the  poultry 
house  should  not  be  dry. 

Roosts.  Roosts  should  be  located  in  the 
warmest  part  of  the  house.  With  the  open- 
front  and  cloth-front  types  of  ventilation, 
they  should  be  located  on  the  north  side. 
If  placed  on  a level,  there  will  be  no  tendency 
for  the  hens  to  crowd  to  the  top  roost,  as  is 
the  case  when  they  are  placed  ladder  fashion. 
Roosts  should  be  smooth,  free  from  cracks, 
firmly  placed,  and  not  less  than  2 inches  in 
diameter.  Poles  or  2 x 4s  placed  on  edge, 
with  the  upper  corners  planed  off  make 
sensible  and  satisfactory  perches.  They 
should  be  placed  not  less  than  15  inches  from 
the  wall,  at  least  20  inches  from  the  roof, 
and  about  a foot  apart.  From  8 to  10  inches 
of  roosting  space  should  be  allowed  for  each 
bird. 

Droppings  platform.  When  droppings  ac- 
cumulate on  the  floor,  the  house  becomes  un- 
clean. The  birds  are  continually  running 
over  the  droppings  and,  in  this  way,  the  feed 
is  contaminated.  There  is  also  less  space 
for  the  hens  to  use  for  scratching  purposes. 
A platform  to  receive  the  droppings  increases 
the  size  of  the  house  and  renders  conditions 
more  healthful  for  the  fowls.  This  platform 
should  be  6 inches  below  the  roosts,  so  that 
the  droppings  may  be  removed  without 
removing  the  roosts.  If  the  platform  is  built 
of  smooth  material,  the  droppings  can  be 
easily  removed. 

Nests.  Darkened  nests  are  desirable,  for 
they  furnish  seclusion  to  the  hen  and  lessen 
the  amount  of  egg  eating.  A too  dark  nest, 
however,  encourages  broodiness.  It  is  also 
important  that  the  nests  be  well  ventilated 
during  the  summer.  Portable  nests  facilitate 
cleaning.  A common  method  of  installing 
nests  is  to  place  them  under  the  droppings 
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platform  at  the  front  edge.  Such  an  arrange- 
ment may  place  the  nests  so  low  that  the 
floor  space  underneath  will  be  little  used  for 
scratching  purposes.  This  should  be  avoided. 
Where  light  comes  from  the  south  side  only, 
the  space  at  the  back  of  the  nests  may  be 
dark,  and  the  hens  will  thus  be  encouraged 
to  lav  on  the  floor.  Nests  under  the  droppings 
platform  are  the  easiest  to  construct.  Twelve- 
inch  boards  are  cut  into  14-inch  lengths  and 
set  on  edge  13  inches  apart;  1 x 4-inch  strips 
are  nailed  along  the  lower  edges,  and  1 x 2-inch 
strips  along  the  upper  edges.  Between  these 
strips  on  the  front,  an  8-inch  door  is  placed. 
The  bottom  of  the  nest  should  be  covered 
with  hardware  cloth,  6 meshes  to  the  inch. 
This  allows  all  dirt  and  dust  to  drop  to  the 
floor,  and  makes  frequent  cleaning  unneces- 
sary. The  nests  rest  on  cleats  at  each  end. 
Along  the  back  is  nailed  a board  upon  which 
the  hen  may  jump  when  entering.  One  nest 
should  be  provided  for  every  6 or  6 birds. 

Partitions.  Where  all  the 
poultry  is  quartered  in  one 
house,  a partition  is  neces- 
sary to  separate  the  pullets 
from  the  old  hens.  Later 


on,  a separate  pen  is  convenient  to  use 
for  special  breeding  pens  and  in  many  cases 
is  used  for  sitting  hens  during  the  spring. 
In  order  to  prevent  drafts,  long  houses  need 
solid  partitions  either  of  wood  or  screen 
covered  with  cloth.  These  should  be  placed 
every  60  feet.  In  some  houses,  the  solid 
partition  extends  only  to  the  edge  of  the 
droppings  platform.  All  partitions  should 
be  solid  at  least  2 feet  high,  to  prevent  the 
male  birds  from  fighting  through  the  parti- 
tion. 

Water  stands.  It  is  advisable  to  put  water- 
ing utensils  upon  a stand  at  least  18  inches 
high.  They  can  be  built  attached  to  the 
wall,  or  as  separate  stands.  This  prevents 
straw  and  refuse  from  the  floor  from  collecting 
in  the  water,  making  it  more  sanitary.  Solid 
tops  collect  more  filth  than  do  those  made  of 
slats  or  of  wire. 

Roosting  closets.  At  one  time,  it  was  recom- 
mended that  a curtain  frame  be  arranged  so 
as  to  drop  down  and  Inclose 
the  birds  in  a small  space  at 
night.  This  has  since  been 
found  unnecessary  and  the 
practice  hasfallenintodisuse. 


Fig.  588.  Diagrammatic  front  view  of  the  Missouri  house  showing  glass  windows,'  openings 
to  be  covered  with  netting  and  when  desired,  .equipped  with  cloth  screens,  and  the_window 
through  which  straw  is  packed  into  the  upper  story. 


Types  of  Poultry  Houses 

The  “Missouri”  house.  The  “Missouri”  house,  so  called  by  the  designer, 
the  writer,  attempts  to  combine  the  desirable  features  of  all  poultry  houses  in  a 
house  adaptable  for  the  average  farm  flock.  While  designed  for  Missouri  con- 
ditions, it  has  been  successfully  used  in  New  Hampshire,  as  indicated  in  the  sec- 
ond annual  report  of  the  New  Hampshire  Poultry  Growers’  Association,  which 
says:  “During  the  winter  the  birds  not  only  kept  in  the  best  condition,  but  gave 
good  egg  production.”  This  shows  that  the  house  is  suitable  for  cold  climates, 
and  experience  at  the  University  of  Missouri  justifies  its  being  recommended  even 
for  warmer  climates. 

Since  the  average  farm  flock  numbers  from  100  to  150  birds,  this  house  is  20 
feet  square.  The  ridge  of  the  roof  runs  north  and  south,  the  roof  being  of  the 
gable  type,  that  is,  of  equal  spans.  In  such  a house,  there  is  an  advantage  in 
having  the  end  face  the  south,  tor  it  permits  the  windows  on  the  south  to  be  placed 
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higher  than  would  be  possible  in  the  side  walls.  The  walls  are  5 feet  high,  the  roof 
being  11  feet  high  at  the  peak.  The  south  end  contains  a door  in  the  centre  and 
windows  each  2by  3 feet  on  each  side.  These  windows  are  placed  above  a 30-inch- 
wide opening  wmch  is  1 foot  above  the  floor.  This  opening  extends  the  entire 
length  of  the  south  side  on  each  side  of  the  door.  It  is  covered  with  wire  netting, 
which  keeps  the  hens  in  and  the  sparrows  out.  In  stormy  weather,  this  can  be 
dosed  by  means  of  a doth  curtain,  if  deemed  advisable. 


| BELL  OF  MATERIAL  FOR  MISSOURI  POULTRY  HOUSE 

USB 

PIECES 

RITg 

GRADE 

BOARD 

FEET 

COST 

TOTAL 

Framing  . . - . 

19 

2 x 4 - 16 

1 

203 

$2.50 

$ 5.08 

Rafters  .... 

22 

2 x 4 - 12 

1 

176 

2.50 

4.40 

Plates  and  sills  . 

8 

2x4-20 

1 

107 

2.50 

2.68 

Studding  and  framing 

1 

2 x 4 - 10 

1 

7 

2.50 

.18 

Roosts  .... 

5 

2x4-20 

1 j 

74 

2.50 

1.85 

Finishing  .... 

6 

1 x 4 - 10 

2 

20 

2.00 

.40 

Finishing  .... 

1 

1 x 4 - 16 

2 

6 

2.00 

.12 

Finishing  .... 

4 

1 x 4 - 10 

2 

14 

2.00 

.28 

Finishing  .... 

8 

1 x 4 - 12 

2 

32 

2.00 

.64 

Floor  for  loft . . . 

Sides,  car  siding  . . 

Roof  and  droppings 
platform  ship-lap  . 
Shingles  .... 
Sashes 

Front  and  over  win- 
dows, wire  netting. 
Hinges  .... 

52 

1 x 4 - 14 

1 x 6 - 10 

1x8-12 

2 

260 

600 

720 

2.00 

2.00 

2.25 

5.20 

12.00 

16.20 

7 

1 pair 

6-iight 

8-10 

3-32 

5*M 

3.00 

.60 

.04 

.10 

16.50 

4.20 

1.28 

.10 

1 Materials,  excluding  nails  and  foundation  . 

$ 71.11 

Labor.  . “ . . . . 

. • . 

. . 

28.28 

Foundation,  3 cubic  yards  at  $6 

. • - 

. . . 

. • 

. . . 

18.00 

Total  .... 

• • 

. . . 

. . . 

• • 

. . . 

$117.39 

loft,  Professor  Herner 
says:  “It  is  quite  dry  in 
the  coldest  weather  and 
is  easily  ventilated.” 
As  compared  with  the 
“shed-roof”  type,  he 
says:  “The  shed-roof 
house  is  always  damper 
and  colder  in  winter  and, 
while  the  gable  roof  will 
cost  more,  the  difference 
in  efficiency  is  well  worth 
the  additional  cost.” 

Materials.  The  walls 
are  constructed  of  car 
siding,  which  is  similar 
to  flooring,  except  that 
it  is  beaded.  The  roof 
is  made  of  ship-lap 
covered  with  shingles. 
It  is  necessaryto  have  a 
tight  roof.  The  roosts 
are  placed  on  the  north 
side,  as  suggested  on  a 
previous  page. 
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The  cloth-front  type.  The  cloth- 
front  poultry  house  (Fig.  590)  is  repre- 
sentative of  that  type  of  ventilation. 

This  particular  house  is  14  by  24  feet. 

It  will  house  comfortably  70  hens.  For 
a flock  of  100  hens,  it  would  be  built  14 
by  28  or  16  by  24.  This  house  is  con- 
structed upon  a concrete  foundation  6 
inches  wide,  8 inches  above  ground,  and 
extending  under  ground  to  below  the 
frost  line.  A concrete  wall  is  advisable 
for  any  permanent  structure.  It  adds  durability  to  the  house,  and  eliminates 
the  trouble  from  sagging  and  warping  which  may  accompany  houses  with  poor 
foundations.  The  south  side  is  6 feet  and  8 inches.  The  studs  are  put  2 feet 
apart.  The  roof  known  as  the  “combination  type”  is  best  adapted  to  wide 
houses,  the  front  span  being  one  half  the  length  of  the  back  span.  If  the  side  walls 
were  6 inches  higher,  a died  or  "shanty”  type  of  roof  could  just  as  well  be  used. 

The  front  consists  of  four  windows,  each  having  for  its  upper  sash  a cloth 
frame  which  slides  up  and  down  while  the  lower  rash  is  a 6-light  10  x 12-inch 
glass  window.  This  allows  1 square  foot  of  glass  and  cloth  to  every  16.5 
square  feet  of  floor  space.  The  doth  frames  are  of  a size  convenient  for  the 
control  of  ventilation,  it  being  possible  to  open  as  many  as  necessary  to 
supply  a sufficient  amount  of  fresh  air,  varying  the  number  of  open  frames 
with  the  nature  of  the  weather.  When  open,  there  are  no  drafts  on  the  birds, 
because  they  are  on  the  floor.  In  extreme  cold  or  stormy  weather,  the  frames 
are  closed  at  night.  . This  arrangement  of  cloth  frames  has  one  serious  ob- 
jection which  is  that 
when  the  curtains  are 
dropped  down  they  cover 
the  glass.  This  inter- 
feres with  the  direct  sun- 
light. Hinging  at  the 
side  or  end  and  opening 
in  will  remedy  this. 

The  roosts  located  at 
the  back  side  are  made 
of  2 x 4-inch  material 
placed  on  edge,  the  upper 
comers  being  rounded 
off.  They  arc  set  in 
notched  boards  at  the 
ends,  and  run  the  entire 
length  of  the  north  side. 
Droppings  platform  and 
nests  are  placed  beneath. 
The  rest  of  the  equip- 
ment is  a feed  box  4 feet 
by  16  inches  with  sloping 
top  and  a water  stand. 
The  feed  box  has  two 
compartments,  one  for 
ground  feed  and  the 
other  for  whole  grain. 


BILL  OF  MATERIAL  FOR  A HOUSE  OF  THE  SHED-ROOF  TYPE 
14  BY  28. 8 FEET  HIGH  IN  FRONT  AND  6 FEET  HIGH  AT  BACK 


USB 

PIECES 

SIZE 

BOARD 

FEET 

COCT 

TOTAL 

Rafters  .... 

15 

2 X 4 - 12 

160 

Plates  and  sills  . . 

10 

2 x 4 - 14 

93* 

Studding.  Front. 

7 

2 x 4 - 16 

74* 

Studding.  Back  . 

7 

2 x 4 - 12 

56 

Studding.  Ends  . 

2 

2 x 4 - 14 

18 1 

Centre  supports. 

2 

2 x 6 - 14 

28 

Centre  posts.  . . 

1 

2 x 4 - 16 

10| 

441* 

$2.50 

$11.02 

Siding  .... 

.. 

600 

2.50 

15.00 

Sheeting  for  roof  . 

506 

2.50 

12.65 

Door  framing  . . 

1 

1 x 6 - 16 

8 

Door  casing  . . . 

1 

1 x 4 - 16 

5* 

Door  sill  ...  . 

1 

1x8-  4 

51 

Window  frames  . . 

4 

1 x 6 - 16 

32 

Window  casing  . . 

4 

1 x 4 - 16 

21 

Window  sills.  . . 

1 

2 x 8 - 12 

16 

Finishing  . . 

4 

1 x 4 - 16 

22 

Comer  boards 

4 

1 x 4 - 14 

18* 

Roost-pole  supports. 

3 

2x  4 - 14 

26 

Rooets  .... 

6 

2 x 4 - 14 

56 

Dropping*  platform. 

, , 

112 

Nests  .... 

•• 

60 

Rough  total  . • • 

400 

2.50 

10.00 

Sashes  . . . . 

4 

6-light 

10  x 12 

3.00 

Roofing  paper  • . 

, , 

6* 

squares 

1.75 

11.38 

Hardware  ... 

4.00 

$67.05 

Fig.  590.  A simple  but  well-constructed  colony  house 
of  the  cloth-front  type.  This  will  house  a large  enough 
flock  to  supply  the  farm  needs  and  a generous  surplus 
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Cost  of  poultry  houses.  The  cost  of  a poultry  house  will  vary  with  the  ma- 
terial used  and  tne  economic  conditions  of  the  country  and  particularly  of  the 
community.  According  to  figures  given  on  a previous  page,  the  cost  of  materi- 
als was  about  70  cents  a bird.  Lewis,  in  “Productive  Poultry  Husbandry,” 
gives  bills  of  material  for  several  types  of  houses  and  states  that  the  material 
cost  is  from  88  cents  to  $1.12  a bird.  The  accompanying  bill  of  material  is  for  a 
house  of  the  shed-roof  type  to  hold  100  hens. 


Buildings  for  Special  Purposes 

Incubator  cellar.  An  incubator  cellar  should  not  be  subject  to  temperature 
changes  and  yet  should  have  provision  for  adequate  ventilation.  The  humidity 
should  be  relatively  high  and  no  direct  sunlight  should  strike  the  incubators. 
Under  farm  conditions,  the  basement  of  the  house  or  a cave  cellar  is  frequently 
used.  A basement  window  covered  with  cloth  or  a cupola  ventilator  in  the  cave 
cellar  will  furnish  adequate  ventilation  for  1 or  2 machines. 

An  incubator  cellar  should  be  placed  4 or  5 feet  in  the  ground.  The  ceiling 
should  be  comparatively  high,  and  the  walls,  if  not  double,  should  be  constructed 
in  such  a way  that  the  room  is  not  influenced  by  outside  temperature.  Concrete 
or  hollow  tile  is  suitable  in  this  connection.  The  superstructure  may  be  used  for 
any  purpose,  such  as  a feed  house,  laying  house,  etc.  The  extra  space  will  add  to 
the  efficiency  in  utilizing  the  building. 

The  windows  in  an  incubator  cellar  will  necessarily  be  placed  high  and  should 
be  double,  the  outer  sash  being  hinged  at  the  top  and  the  inner  sash  at  the  bottom. 
If  neither  sash  is  opened  more  than  45  degrees,  the  air  will  circulate  through  the 
cellar,  but  will  not  strike  the  incubators. 

Brooder  houses.  In  planning  a brooder  house,  the  type  of  heating  deter- 
mines the  kind  of  house  to  build.  There  are  3 popular  methods  of  heating  brood- 
ers: (1)  lamp  brooders,  which  use  kerosene  oil;  (2)  coal-burning  brooders;  and  0) 
hot-water  brooding  systems. 


Lamp  brooders.  For  lamp  brooders,  a 
small  portable  colony  house  is  generally  used. 
A house  of  this  kind  may  be  used  in  the  spring 
for  brooding,  as  a colony  house  for  housing 
chickens  on  the  range  in  summer,  and  as  a 
special  pen  for  breeding  hens  in  winter.  A 
good  size  of  house  for  this  purpose  would  be 
about  7J  feet  by  10  feet.  It  is  best  not  to 
have  it  too  large,  as  it  will  be  clumsy  and 
difficult  to  move.  It  should  be  placed  on  run- 
ners for  that  purpose.  There  will  be  sufficient 
headroom  if  it  is  made  4}  feet  high  at  back  and 
6J  feet  in  front.  A door,  21  feet  wide,  should 
be  placed  on  the  south  side.  There  should 
also  be  2 windows,  preferably  one  on  each  side 


Fig.  591.  A good  type  of  brooder  house  for  the  farm. 
The  runs  are  partly  covered  so  that  some  shade  may  be 
provided.  The  soil  in  them  should  be  kept  healthy  by  fre- 
quent spading  and  planting  to  a quick-growing  crop. 


of  the  door.  These  should  be  placed  18 
inches  above  the  floor.  Two  6-light  8 x 10- 
inch  glass  windows  will  furnish  sufficient  light. 
The  window  frames  should  be  made  a foot 
longer  than  necessary,  and  this  space  covered 
with  a cloth  frame  for  ventilation  purposes. 
A board  floor  is  essential  in  a portable  house, 
as  it  keeps  the  chicks  dry  and  makes  the 
house  ratproof.  By  means  of  the  portable 
house  the  chicks  can  be  raised  near  the  house, 
and  close  attention  given  them.  Later,  they 
can  be  moved  to  the  range,  such  as  an  orchard, 
cornfield,  etc.,  where  an  abundance  of  shade, 
green  food,  and  insects  will  furnish  condi- 
tions ideal  for  economical  and  rapid  growth. 

Coal-burning  brooders.  The  brooder-stove 
method  of  brooding  involves  the  use  of  a 
larger  house  than  the  portable  house  described 
above,  although  the  latter  house  may  be  used. 
Any  room  12  feet  square  is  of  sufficient  size 
for  a brooder  stove.  The  room  should  be 
so  arranged  that  the  chicks  may  have  outside 
runs.  In  fact,  it  is  practically  impossible 
to  raise  chicks,  unless  they  have  access  to  the 
earth.  A plan  often  employed  is  to  parti- 
tion off  a part  of  the  laying  house  and  use  this 
for  brooding.  The  objection  which  might 
be  raised  to  such  a plan  is  that  the  ground 
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surrounding  a permanent  poultry  house  is 
sure  to  become  contaminated,  and  conditions 
will  not  be  favorable  for  satisfactory  growth. 
There  is  no  reason  why  a yard  for  diick  rais- 
ing should  not  be  attached  to  the  permanent 
house;  and,  if  due  precautions  are  taken  to 
keep  the  mature  stock  off.  it  will  serve  for 
brooding  purposes  for  a long  time.  Yard 
cultivation  will  lessen  the  danger  of  trouble 
from  intestinal  parasites.  With  the  coal- 
burning brooder  stove,  a series  of  pens  may 
be  attached  to  each  other,  in  which  case  the 
construction  would  be  the  same  as  for  a house 
for  laying  purposes. 

Hot-water  brooders.  The  third  type  of 
brooder  arrangement  is  that  employing  hot 
water.  Such  a house  will  vary  in  length  and 
width,  depending  upon  its  capacity  and 
whether  hovers  and  pens  form  a single  or  a 
double  row.  The  method  of  heating  is  by 
means  of  a series  of  hot-water  pipes  running 
underneath  the  floor  of  the  pens.  These  pipes 
are  boxed  in,  so  that  the  chamber  is  completely 
isolated.  There  is  a partition  in  the  box  cor- 
responding to  the  partition  in  the  pen.  This 
makes  each  pen  a unit  by  itself.  From  this 
heated  chamber  the  heat  is  conveyed  to  the 
hover  above  by  means  of  pipes  about  6 inches 
in  diameter.  The  hover  is  covered  with  a 
circular  disc,  2 feet  in  diameter,  covered  with 
felt  folds,  which  retain  the  heat.  There  is 
thus  a continual  flow  of  fresh  air  into  the 
hover.  With  any  type  of  brooding,  it  is  ob- 
jected that  a warmed  floor  causes  weakness  of 
legs  and  loss  of  vitality.  In  modern  hot- 
water  types,  the  heated  compartment  is  sep- 
arated from  the  hover  floor  by  an  air  space, 
thus  avoiding  the  heated  floor.  The  warm 
air  enters  the  hover  at  the  top,  so  that,  follow- 
ing nature,  the  heat  comes  from  above. 

A hot-water  brooding  house  must  contain 
an  alley  for  convenience,  a row  of  hovers  next 


Fig.  592.  Detail*  of  a modern  hot-water  brooding 
system.  One  hover  is  cut  away  to  show  how  the  warm 
air  from  the  pipe  box  is  liberated  above  the  chicks'  backs. 
Note  the  air  space  above  thejripe  box  to  prevent  the  floor 
from  getting  too  hot. 

to  the  alley  and,  corresponding  to  the  hovers, 
a series  of  pens.  This  alley  should  be  3 or 
4 feet  wide,  the  hover  chamber  3 feet  wide,  and 
the  pen  as  long  as  may  be  deemed  necessary, 
usually  about  6 feet.  A single  row  of  hovers 
would  necessitate  a house  about  14  feet  wide; 
a double  row,  a house  at  least  22  feet  in  width. 
The  house  with  a single  row  of  hovers  would 
run  east  and  west,  thus  permitting  runs  on 
the  south.  A house  with  2 rows  of  hovers 
would  run  north  and  south,  having  runs  on  the 
east  and  west  sides.  A gable-roof  house  is 
best  adapted  for  a long  brooder  house.  There 
should  be  liberal  lighting.  The  alleyway 
should  be  about  20  inches  lower  than  the 
hover  floor,  to  facilitate  cleaning  and  to  af- 
ford room  for  the  hot-water  pipes.  The  water 
is  kept  at  practically  constant  temperature 
by  means  of  automatic  regulation  of  drafts. 
In  addition,  the  amount  of  heat  allowed  any 
compartment  can  be  controlled  by  dampers 
in  the  pipes. 


The  colony  house.  Farm  poultry  keeping  is  quite  largely  a colony-house 
method.  Usually,  the  entire  flock  is  kept  together,  and  one  house  is  used.  Com- 
mercially, the  colony-house  system  has  been  employed  in  the  raising  of  young 
stock  by  means  of  portable  houses.  For  housing  mature  fowls,  the  system  is  be- 
ing extensively  used  in  Rhode  Island,  where  it  is  called  the  “Little  Compton” 
system  of  poultry  farming.  Briefly  speaking,  the  plan  employed  is  this:  The  col- 
ony houses  are  comparatively  small  and  portable.  They  are  scattered  over  the 
fields,  which  may  be  cultivated.  The  poultry  flock  enters  into  the  system  of  crop 
rotation,  usually  following  the  hay  crop.  In  this  way,  birds  run  on  the  same  field 
only  a year  at  a time  and  at  intervals  of  3 or  4 years.  The  advantages  of  this  sys- 
tem are:  (1)  conditions  favorable  for  chickens;  (2)  economical  feed  cost;  (3)  im- 
provement of  the  land  through  added  fertility;  (4)  less  danger  of  soil  contamina- 
tion; and  (5)  outbreaks  of  disease  can  be  more  easily  controlled.  Colony-housed 
stock  does  not  require  so  many  precautionary  measures  as  that  kept  in  long 
houses;  for  the  more  closely  chickens  are  confined,  the  greater  amount  of  work 
necessary  to  keep  conditions  sanitary.  The  disadvantages  of  such  a system  are: 
(1)  added  labor  m bad  weather,  it  being  disagreeable  for  the  caretaker  to  go  from 
house  to  house;  (2)  it  frequently  requires  more  fencing,  if  colony  houses  are  sta- 
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tionary;  (3)  the  poultryman  will  not  make  as  close  a study  of  individual  birds,  as 
it  is  impracticable  to  trapnest  his  stock;  and  (4),  where  nocks  are  permitted  to 
mingle,  he  does  not  have  complete  control  over  matings. 

For  stationary  houses,  the  size  of  the  unit  may  be  as  large  as  suits  the  individ- 
ual poultry  keeper.  The  colony  houses  described  on  a previous  page  are  for  100 

hens.  The  Yesterlaid  Farms  at  Pacific, 
Missouri,  are  using  a colony  house  30  by  ©9 
with  2 floors,  housing  1,000  birds  to  a house. 

Long  houses.  Long  houses  for  poultry 
keeping  are  representative  of  what  is  known 
as  the  intensive  system.  This  type  neces- 
sitates restricted  yards  and  extensive  fenc- 
ing. It  is  primarily  adapted  to  the  housing 
of  laying  stock.  The  advantages  of  such  a 
system  are  favorable  conditions  during  incle- 
ment weather  for  birds  and  attendant,  con- 
venience for  the  caretaker  in  the  daily 
routine,  and  economy  of  land.  The  dis- 
advantages are  yard  contamination, increased 
cost  of  fencing,  and  extra  labor  in  caring  for 
the  yards.  The  long  house  is  a commercial 
proposition. 

A good  type  of  house  of  this  kind  is  the 
“Commercial”  poultry  house  which  is  18  x 
180  feet,  with  a feed  house  at  the  end.  It 
is  divided  into  pens  18  feet  square  and  will 
house  700  hens.  The  front  is  7 feet  8 inches 
high,  and  the  back  4 feet  8 inches.  The  roof 
is  of  unequal  spans,  the  front  span  being  one 
half  the  length  of  the  back  span.  The  roof 
is  comparatively  steep,  having  1 foot  rise  to 
2 feet  horizontal  run.  The  pens  are  con- 
nected by  a series  of  doors,  thus  compelling 
the  poultryman  to  mingle  with  the  birds  where  he  is  able  to  study  their  needs 
more  carefully. 

The  cloth-front  type  of  ventilation  is  used  in  this  house.  In  the  centre  of  the 
south  side  of  each  pen  is  a glass  door  made  by  hinging  two  9-light  9 x 12-inch  win- 
dows, thus  affording  a door  which  can  be  opened  for  cleaning  purposes.  On 
both  sides  of  the  door  are  cloth  frames  3x5  feet.  These  are  placed  4 feet  from 
the  floor  and,  when  open  do  not  allow  drafts  on  the  birds.  At  night,  there  are  no 
drafts  on  the  birds,  because  the  frames  are  closed.  No  matter  how  cold  the 
weather,  at  least  one  of  the  frames  is  opened  every  day,  unless  there  are  storms 
from  the  south.  The  arrangement  of  droppings  platform,  perches,  and  nests  fol- 
lows very  closely  the  instructions  given  above  under  “Interior  arrangement” 
The  roosts  are  set  on  2 x 4-inch  pieces  in  the  form  of  a frame,  which  is  hanged  at 
the  back  and  may  be  raised,  thus  rendering  the  droppings  platform  easily  accessi- 
ble for  cleaning.  Often,  it  is  desirable  to  raise  the  roosts,  so  as  to  force  lazy  hens 
off  them  to  the  floor. 

The  cost  per  hen  of  materials  for  such  a house  will  be  practically  the  same  as 
for  the  colony  house. 


Fig.  593.  An  electric  burglar  alarm  on  the 
poultry  house  is  a good  investment.  In  this  plan 
the  switch  (B)  is  dosed  at  night  thus  completing 
the  circuit  through  the  wiring  and  batteries  (A) 
but  not  through  the  bell  (F).  If  the  circuit  is 
broken  by  the  opening  of  a door  or  window  in 
the  hen  house,  the  magnet  (D)  releases  the 
armature  (E)  which  springs  over,  doses  the  bell 
circuit  and  alarms  the  household. 
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Fig.  594.  A well-built  com  crib  of  the  common  slat 
type.  This  is  better  than  those  found  on  many  farms, 
but  unless  protected  against  rats  and  kept  in  repair,  it 
may  permit  considerable  waste. 


CHAPTER  36 

Storage  and  Work  Buildings 

By  Professor  K.  J.  T.  Ekblaw  (see  Chapter  81).  Like  all  manufacturers,  the  farmer  has 
to' provide  for  the  storage  of  his  raw  materials,  his  implements  and  tools,  and,  to  some  extent,  his 
finished  products . He  is  at  a disadvantage , however,  in  that  these  vary  {neatly  in  hulk,  weight,  na- 
ture and  condition,  and  consequently  require  several  types  of  structure.  Futhermore,  they  are  some - 
times  of  comparatively  small  value,  in  proportion  to  their  extent;  wherefore  their  shelter  cannot  he  of 
too  expensive  a type.  Professor  Ekblaw  discusses  here  some  of  the  principles  to  be  kept  in  mind  in 
the  construction  of  adequate  hut  practical  and  economical  storage  buildings.  The  second  group  of  struc- 
tures referred  to  in  the  chapter  title  consists  of  those  in  which  the  farmer  works  over  his  raw  materials 
and  products,  with  the  exception  of  those  in  which  his  “ machines ”,  that  is,  his  livestock,  are  kept  and 
fed.  These  have  been  covered  in  Chapters  8k  and  85. — Editor. 

IT  IS  undoubtedly  the  fact  that  too  often  the  construction  of  the  storage  and 
work  buildings  on  a farm  does  not  receive  the  careful  consideration  which  its 
importance  claims. 

The  questions  of  location,  size,  material,  and  interior  arrangement  should  all 
be  thoroughly  thought  out,  so  that  needless  expense  may  be  avoided,  and  the 
greatest  amount  of  usefulness  secured  from  the  several  buildings.  These  build- 
ings usually  include  some  or  all  of  the  following:  hay  bam,  granary,  implement 
shed,  milkhouse,  creamery,  and  cheese  factory. 

Hay  Bams 

The  purpose  of  a hay  bam  is  to  provide  shelter  for  hay  and  facilities  for  curing 
it  under  the  most  favorable  conditions.  One  of  the  first  requirements  is  ample 
ventilation.  With  the  ordinary  bam,  the  freedom  of  the  circulation  of  the  air  is 
so  great  that  no  especial  provision  for  ventilation  need  be  made. 

Primarily  a hay  bam  is  simply  an  inclosed  shelter;  and,  since  the  load  of  the 
contents  does  not  come  upon  the  structure  itself  to  any  extent,  the  building  should 
be  designed  mainly  to  resist  wind  pressure,  both  external  and  internal.  The  in- 
terior of  the  structure  is  of  necessity  rather  open,  to  admit  of  the  unhampered 
handling  of  the  hay.  Open  framing  precludes  the  use  of  crossties  braces,  the 
which,  in  many  other  structures,  greatly  strengthen  the  framing;  to  overcome  lack 
of  strengthening  frame  members,  great  care  must  be  exercised  in  the  design. 
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Fig.  595.  A common  type  of  hay  bam  in  regions  where 
comparatively  little  wet,  stormy  weather  is  encountered 


Location.  The  hay  barn  may  be  located 
either  as  one  of  the  buildings  of  the  farmstead 
or  as  a separate  building  in  the  hay  field  itself. 
It  may  be  advantageous  to  have  the  hay  stored 
in  close  proximity  to  the  feed  lots;  but,  in 
many  cases  where  hay  is  the  main  crop  on 
the  farm,  it  is  not  fed,  but  is  marketed;  and 
then,  of  course,  it  is  not  necessary  to  store 
it  in  any  place  other  than  in  the  field. 

Size.  The  size  of  a hay  bam  is  governed 
by  the  amount  of  hay  to  be  stored  and  by 
certain  structural  limitations.  Ordinary  loose 
hay  will  occupy  approximately  500  cubic  feet 
per  ton;  when  packed,  this  will  be  reduced 
by  50,  75,  perhaps  even  100  cubic  feet. 
With  timber  framing,  it  is  possible  to  make 
barns  as  wide  as  48  or  50  feet;  anything  above 
this  is  not  practicable.  With  the  plank  frame, 
it  is  possible  to  make  the  trusses  more  than 
40  feet  wide;  but  it  is  not  advisable,  on  ac- 
count of  the  difficulty  of  securing  adequate 
bracing  when  the  framing  is  made 
sufficiently  strong.  Such  circumstances 
require  the  use  of  an  unduly  large 
quantity  of  material  which  renders  the 
cost  excessive. 

Construction.  Since  the  fram- 
ing of  the  barn  is  built  up 
from  the  ground,  it  is 
unnecessary  to  have  a 
continuous  foundation. 

The  frame  consists,  usual- 
ly, of  built-up  units, 
sometimes  called  “bents,” 
which  are  from  10  to  14 
feet  apart  and  are  sup- 
ported at  the  sides  upon 
masonry  piers.  These 
should  have  footings  large 
enough  to  carry  the 
weight  of  a half  of  a bent 
and  the  portion  of  the 
walls  and  roof  which  is 
supported  by  it.  On  or- 
dinary soil,  a load  of 
approximately  one  ton 
may  be  allowed  per  square 
foot  of  footing. 


Two  types  of  framing  are  in  more  or  leas 
general  use.  One,  known  as  the  “timber 
frame,”  is  built  up  of  pieces  of  timber  varying 
in  size  from  4 by  4 inches  to,  perhaps,  6 by  8 
inches.  The  members  of  the  frame  are 

Joined  by  means  of  mortise-and-tenon  joints, 
n the  other  type,  no  lumber  thicker  than 
2 inches  is  used,  but  the  pieces  are  combined 
in  such  a way  as  to  form  strong  and  rigid 
trusses.  In  general,  the  latter  type  is  much 
the  more  desirable,  since  it  is  economical  of 
material,  admits  of  careful  designing  for 
strength,  and  leaves  the  interior  open. 

Walls.  It  is  common  practice  to  cover 
only  a portion  of  the  sides  of  the  building. 
The  lower  half  of  the  walls  may  well  be  left 
open;  and,  in  fact,  many  barns  are  built  with 
no  wall  covering.  However,  this  is  hardly  to 
be  recommended,  because  an  undue  amount 
of  the  hay  is  exposed  to  the  weather.  Plain 
1-inch  siding,  10  or  12  inches  wide,  nailed 
to  2 by  6-inch  girts  at  5-foot  intervals  makes 
an  entirely  satisfactory  wall.  The  covering 
of  the  cracks  with  ogee  battens  is  optional. 

Roof.  Wooden  hay  barns,  as  well  as  other 
types  of  bams,  are  ordinarily  made  with  a 
gambrel  roof,  sometimes  erroneously  called  a 
“hip”  roof.  The  main  advantage  of  the 
gambrel  roof  over  the  ordinary  straight-pitch 
roof  is  that  it  permits  of  the  arrangement  of 
the  truss  members  to  produce  maximum 
strength;  besides  this,  it  affords  much  more 
mow  space  (Fig.  697  inset.) 

The  covering  of  the  roof  may  be  either  of 
wooden  shingles  or  of  shingles  made  of  pre- 
pared roofing.  Prepared  roofing  itself  is 
not  a desirable  material  to  use  on  a gambrel 
roof,  because  the  lower  section  of  the  roof  is 


Fig.  596.  Section  of  a bam  built  on  the  straight-pitch,  braced-truss  nrincipt© 
solely  for  hay  storage.  In  northern  sections  building  material  is  saved  and  greater 
protection  given  to  the  stock  by  storing  hay  in  the  upper  part  of  the  horse  and 
cattle  bams. 
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Fig.  597.  Section  of  a well-braced  hay  bam  of  the  double-gambrel  roof 
type,  built  on  a secure  concrete  foundation.  The  inset  shows  the  space  gained  for 
storage  by  using  a gambrel  roof  rather  than  the  single  high-  or  low-pitch  type. 


very  steep-pitched,  and 
such  roofing  has  a ten- 
dency to  sag,  when  used 
under  such  circumstances* 

Equipment.  It  is  pos- 
sible to  obtain  hay  bam 
equipment  in  such  com- 
plete and  careful  designs 
that  practically  no  man- 
ual labor  is  involved  in 
the  handling  of  the  hay. 

If  a hay  bam  is  built  m 
the  field,  the  hay  can  be 
brought  in  from  the 
windrow  directly  to  the 
bam,  there  hoisted,  and 
transported  to  almost 
any  portion  of  the  bam. 

The  equipment  within 
the  bam  usually  consists 
of  a central  longitudinal 
track  suspended  from  the 
roof  at  the  ridge.  A 
carrier,  to  which  is  at- 
tached the  swing  or  the 
fork,  runs  upon  this  track; 
and,  when  the  swing  or 
fork  is  loaded,  the  hay  is 
moved  either  by  horse- 
power or  by  means  of  an 
engine-operated  hoist. 

The  hay  bam  is  quite 
often  an  isolated  build- 
ing, and  for  this  reason 
should  be  provided  with 
adequate  lightning  pro- 
tection. It  is  claimed 
that  the  vapor  arising  from  hay  that  is  going 
through  one  of  the  stages  of  curing,  known 
as  the  “sweat,”  acts  as  a conductor  of 
electricity.  Such  claims  have  never  been 
fully  substantiated.  Nevertheless,  the  light- 
ning-rod equipment  should  be  carefully 
designed,  and  every  sharp  ridge  or  comer 
should  be  protected  by  conductors.  The 
aerial  terminals  should  be  of  some  non- 
corrosive  material  and  should  be  placed  at 


intervals  not  exceeding  25  feet.  The  lower 
end  of  the  conductors  should  be  well  grounded 
by  means  of  a soldered  connection  with  a 
galvanized  iron  pipe  extending  far  enough  into 
the  soil  to  reach  the  level  of  permanent  moist- 
ure. A better  but  more  expensive  ground  is 
made  by  connecting  the  conductor  with  a 
metal  plate,  buried  5 feet  in  the  earth,  and 
encircled  by  a bed  of  charcoal  which  is  re- 
tentive of  moisture. 


Granaries 

The  term  "granaries”  should  include  all  structures  which  are  used  for  the 
storage  of  grain.  Common  usage  sometimes  limits  the  application  of  the  term 
to  such  buildings  as  are  tightly  Trailed,  and  in  which  are  stored  only  the  so-called 
small  grains.  Com  is  commonly  stored  in  a building  called  a “crib,”  whose  walls 
are  more  or  less  open,  in  order  that  some  ventilation  may  be  afforded. 

The  granary  is  a farm  building  whose  requirements  are  somewhat  peculiar. 
The  building  must  be  designed  to  resist  not  only  vertical  loading,  but  lateral  pres- 
sure as  well;  for  small  grain  acts,  to  a certain  extent,  as  a fluid,  and  its  lateral 
pressure  is  sometimes  very  great.  A number  of  investigators  have  conducted 
experiments  to  determine  the  bottom  and  side  pressure  of  grain  bins  of  various 
kinds.  Their  general  conclusions  are  that  the  lateral  pressure  is  from  30  per 
cent  to  60  per  cent  of  the  vertical  pressure  and  that  neither  of  them  increases 
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to  an  appreciable  extent,  if  the  depth  of  the  bin  becomes  greater  than  2$  or  3 times 
the  diameter  or  width.  Both  the  lateral  and  the  side  pressure  depend,  to  a cer- 
tain extent,  upon  the  weight  and  the  character  of  the  grain.  The  failure  of  many 
granaries  is  due  to  the  fact  that  proper  consideration  is  not  given  to  the  lateral 
pressure,  which  at  the  bottom  of  the  bin  may  be  very  great;  and,  as  a result,  the 
walls  are  burst  out  at  this  point,  leaving  the  superstructure  of  the  building  prac- 
tically unsupported,  while  the  whole  structure  becomes  racked  and  twisted. 


Fig.  596.  A hollow-tile  corn  crib  that  is  weather-, 
rat-,  and  fire-proof,  and  in  the  long  run  no  less  expensive 
than  a more  temporary  type. 


Location.  In  the  majority  of  cases,  the 
granary  is  located  at  the  farmstead,  since 
much  of  the  grain  is  fed,  and  that  portion  of 
it  which  is  marketed  can  be  taken  just  as 
easily  from  such  a location  as  from  one  in  the 
field,  where  it  would  probably  be  occupying 
valuable  ground.  Granaries  containing  feed 
for  livestock  should,  of  course,  be  built  near 
the  feed  lots.  It  is  always  well  to  provide 
ample  space  around  the  building,  to  allow  of 
the  free  handling  of  teams. 

Size.  The  width  of  a granary  for  small 
grains  depends  entirely  upon  the  design  of 
the  building.  Small  grains  are  likely  to  heat, 
especially  when  first  stored,  and  for  this  reason 
cannot  usually  be  stored  for  any  great  length 
of  time  without  some  resulting  deterioration 
in  the  quality  of  the  grain.  Common  sense 
would  indicate  that  12  or  14  feet  is  a reasonable 
width  for  structures  of  this  kind.  For  ear 
com,  the  width  of  the  crib  is  dependent  upon 
the  climate.  In  the  heart  of  the  com  belt, 
the  common  practice  is  to  make  the  cribs 
9 feet  wide.  Farther  east,  it  is  necessary  to 
reduce  this  to  8 feet  or  even  to  6,  while  in  the 
western  corn-raising  states  it  is  found  prac- 
ticable to  increase  the  width  to  10  feet  without 
any  damage  resulting.  The  reason  for  thus 
adjusting  the  width  to  the  climate  is  that 
the  com,  when  first  husked,  is  somewhat 
damp,  and,  unless  provision  be  made  for 
rather  rapid  drying,  it  will  rot.  The  drier 
air  of  the  western  states  permits  the  use  of 
wider  cribs. 

The  height  of  the  granary  is  variable.  If 
the  grain  is  to  be  unloaded  into  the  building 
by  hand,  about  12  feet  is  the  maximum, 


but,  if  elevating  machinery  is  to  be  utilized 
in  unloading  the  grain,  the  height  may  be 
any  desired.  On  farms  where  great  quantities 
of  grain  are  to  be  stored,  it  is  quite  common  to 
find  cribs  that  are  16,  20,  or  even  24  feet  high 
at  the  eaves.  With  the  ordinary  interior 
portable  elevator,  perhaps  16  feet  should  be 
the  limit;  but,  with  interior  elevators  installed 
as  permanent  equipment,  great  depth  of  bins 
is  not  only  practicable,  but  desirable,  since 
the  additional  capacity  is  obtained  simply  by 
putting  on  additional  wall  material,  the  same 
roof  and  floor  serving  for  a high  building  as 
well  as  for  a low  one. 

It  is  well  to  make  the  length  of  the  granary 
such  as  to  admit  of  the  use  of  standard  lengths 
of  lumber,  though  this  reauirement  does  not 
hold  where  other  types  of  building  material 
are  used.  When  lumber  is  the  material  em- 
ployed, a practical  unit  length  is  16  feet,  and 
the  crib  may  be  made  up  of  as  many  unit 
lengths  as  desired. 

Shape.  On  small  farms,  a simple  rectangu- 
lar building  is,  perhaps,  the  best.  The  roof 
may  be  of  the  shed  type  or  of  the  ordinary 
gable  type,  the  former  being  the  simpler. 
Double  granaries  are  made  by  building  2 
single  granaries  a few  feet  apart  and  extending 
the  roofs  so  as  to  cover  the  open  space  be- 
tween, which  forms  a sort  of  passageway. 
This  scheme  has  been  elaborated  until  what 
has  become  almost  standard  construction  on 
large  grain  farms  is  a building  consisting  of 
2 corncribs  with  a driveway,  10  to  14  feet 
wide,  between  them.  At  a height  of  about 
10  feet  the  driveway  is  floored  over  with 
tight  flooring,  and  the  upper  portion  of  the 
inclosure  is  used  as  storage  for  small  grain. 

Construction.  The  foundation  of  the  gran- 
ary must  support  not  only  the  weight  of  the 
superstructure  itself,  but  a large  part  of  the 
entire  load  of  the  inclosed  grain.  The  vertical 
load  upon  the  floor  in  deep  bins  is  very  great, 
while  the  weight  of  the  superstructure  is 
perhaps  not  excessive.  The  load  due  to  the 
friction  of  the  grain  on  the  walls  is  trans- 
mitted to  the  foundation,  and  this  additional 
load  is,  perhaps,  greater  than  the  weight  of 
the  superstructure  itself.  This  can  remcfily  be 
understood  when  it  is  explained  that  grain  in 
a bin  forms  a sort  of  an  arch  in  settling,  and 
that  the  portion  of  the  grain  above  a height 
equal  to  2 J or  3 times  the  diameter  is  supported 
mainly  by  the  friction  upon  the  side  walls. 

The  foundation  should  be  a continuous  wall 
extending  below  the  frost  line  and  should 
have  a footing  not  less  than  18  inches  in 
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width.  In  high  buildings  the  footing  should 
be  24  inches  wide.  The  floor  may  be  of 
ordinary  sill-and- joist  construction,  but  a 
concrete  floor  is  generally  to  be  recommended. 
It  should  be  not  less  than  6 inches  thick, 
and,  when  properly  made  of  a rich  mixture 
of  dean  materials,  it  is  practically  water- 
proof. The  floor  should  slope  to  the  rear 
of  the  bin,  so  that  drainage  may  be  provided 
for  any  excessive  storm  moisture  which 
may  acddentally  gain  access  to  the  interior. 

Framing.  It  is  essential  that  the  framing 
of  the  crib  be  very  strong,  if  the  building  is 
to  be  at  all  durable.  Vertical  studs  not  less 
than  2 by  6 inches  should  be  located  at  inter- 
vals varying  from  18  to  30  inches,  depending 
upon  the  depth  of  the  bin  and  the  amount  of 
lateral  pressure  produced.  These  studs  may 
be  toe-nailed  to  a plank  sill  which,  in  turn,  is 
anchored  to  the  foundation;  but  a better 
plan  is  to  use  studding  sockets,  imbedded 
in  the  concrete,  which  are  made  to  receive 
the  ends  of  the  studs  and  afford  a Arm  and 
secure  fastening.  The  studding  sockets  avoid 
the  inconvenience  and  difficulty  caused  when 
it  is  necessary  to  replace  the  plank  sill.  In 
fact,  if  the  end  of  the  stud  be  treated  with 
some  wood  preservative,  no  replacing  is  likely 
to  be  necessary  before  the  whole  structure 
shall  have  fallen  into  decay. 

The  framing  over  the  driveway  must  be 
exceptionally  strong,  especially  if  the  drive- 
way is  a wide  one.  It  may  be  necessary  to 
double  the  studs  up  to  the  small-grain-bin 
floor,  and  the  joists  extending  across  should 
be  carefully  designed,  so  that  there  may  be 
no  danger  of  bending  and  collapse.  It  must 
be  borne  in  blind  that  grains  such  as  wheat  and 
rye  are  quite  heavy  and  that  a load  of  many 
tons  is  put  into  the  bin. 

The  wall  covering  for  structures  containing 
small  grains  must,  of  course,  be  tight.  The 
material  that  is  ordinarily  used  is  either  ship- 
lap  or  drop  siding,  the  latter  being  preferable. 
For  covering  the  sides  of  comcribs,  ordinary 
1x6  boards  are  entirely  satisfactory  and 
should  be  applied  with  a 1-inch  space  between 
adjacent  boards.  A special  siding  is  made  in 
which  the  edges  are  beveled;  this  affords 
just  as  great  an  amount  of  opening  in  the 
walls,  but  the  overhanging  bevel  assists  in 
preventing  storm  water  from  being  driven 
into  the  crib.  Slightly  more  material  is 
necessary  when  beveled  siding  is  used  than 
when  plain  boards  are  employed. 

Roof.  In  combination  cribs  such  as  have 
been  just  described,  steep-pitched  roofs  of 
not  less  than  half  pitch  are  the  rule.  It  can 
readily  be  seen  that  the  steeper  the  roof, 
the  greater  will  be  the  storage  space  under- 
neath and  the  greater  the  space  afforded  for 
the  installation  of  conveying  equipment, 
which  is  an  essential  part  of  the  modern 
granary.  The  roof  covering  may  be  either 
of  wood  or  asphalt  shingles. 

Ratproofing.  The  question  of  ratproofing 


a crib  is  an  important  one,  since  an  immense 
amount  of  grain  is  damaged  or  destroyed 
annually  by  rodents.  A very  efficacious 
method  of  ratproofing,  described  by  the 
United  States  Department  of  Agriculture,  is 
as  follows:  A heavy  galvanized  wire  screen 
of  quarter-inch  mesh  and  about  28  to  30 
inches  wide  is  nailed  on  the  outer  edge  of  the 
studs  before  the  siding  is  applied.  This 
is  brought  down  close  to  each  corner,  and 
effectually  prevents  the  admission  of  rodents 
under  the  space  which  is  covered.  To  pre- 
vent the  animals  from  climbing  above  this 
space,  a strip  of  galvanized  iron  is  tacked  on 
around  the  extenor  of  the  building,  on  the 
outside  of  the  siding,  at  the  same  height  as 
the  top  edge  of  the  galvanized  wire  screen. 
This  strip  is  about  8 inches  wide,  and  posi- 
tively prevents  any  rats  from  crawling  up 
the  side  of  the  crib,  since  they  can  obtain  no 
foothold  upon  the  metal.  The  strip  should 
extend  around  the  entire  outer  boundary 
of  the  crib,  covering  walls  and  doors,  as  any 
unprotected  spot  entirely  destroys  its  value. 
Of  course,  no  objects  such  as  a board,  neck- 
yoke,  or  anything  upon  which  a rat  could 
climb,  should  be  left  leaning  against  the  crib 
to  provide  a pathway  for  the  animal. 

Equipment.  The  modern  development  of 
grain-handling  equipment  has  brought  into 
use  some  exceedingly  ingenious  and  convenient 
apparatus,  and  the  old,  laborious  method  of 
shoveling  grain  has  been  rendered  entirety 
obsolete.  Grain  brought  to  the  granary  is 
dumped  into  elevators,  by  which  it  is  carried 
to  the  top  of  the  crib,  and  thence,  by  means  of 
horizontal  conveyors  or  flexible  tubes,  is 
delivered  into  any  desired  portion  of  the  struo- 
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ture.  The  exterior  portable  elevator  has  an 
inclined  conveyor,  which  may  be  supported 
upon  the  roof  of  the  building  with  its  upper 
end  extending  over  an  opening  provided  in 
the  roof.  This  opening  is  usually  covered 
with  a cupola  or  trapdoor.  Where  all  the 
grain  produced  on  a farm  is  stored  in  one  build- 
ing, a permanent  vertical  elevator  with  ac- 
companying horizontal  conveyors  may  be 
installed.  In  the  case  of  the  elevated  bin. 


provision  for  emptying  it  may  be  made  by 
simple  valves  in  the  bottom.  In  oorncribs,  a 
trough  extending  the  length  of  the  crib  is  con- 
structed in  the  Boor.  When  the  bin  is  filled, 
this  trough  is  covered  with  boards;  and,  when 
it  is  desired  to  empty  the  bin,  a conveyor 
is  slipped  into  the  trough  from  one  end 
of  the  bin,  so  that  the  grain  may  run  by 
gravity  into  the  conveyor  and  by  it  be  carried 
away. 


Implement  Sheds 

. Many  farmers  do  not  realize  that  much  of  the  deterioration  of  their  machinery 
and  implements  is  due  to  insufficient  protection  from  the  weather  and  to  lack  of 
proper  care.  It  has  been  found  in  the  case  of  somewhat  expensive  machines,  as 
the  grain  binder,  for  instance,  that  the  average  life  is  but  5 years,  whereas  with 
proper  care  it  should  be  at  least  15  years.  It  has  been  estimated  that  the  cost  of 
proper  implement  sheds  would  be  saved  in  4 years  by  this  prolongation  of  the  life 
of  machines.  The  importance  of  these  buildings  to  the  farmer  will  thus  be  readily 
seen. 
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Fig.  600.  Plans  and  dimensions  of  an  implement  shed  that  can  save  many  times  its  cost  in  the  increased  life  it 

gives  to  the  machines  kept  in  it 


Location.  The  location  of  the  implement 
shed  is  the  first  point  that  the  prospective 
builder  should  consider,  since,  in  the  natural 
course  of  farm  work,  the  horses  are  taken 
from  the  barn,  hitched  to  the  implements, 
and  then  driven  to  the  fields.  It  follows  that 
the  implements  themselves  should  be  kept 
in  some  place  which  is  intermediate  between 
the  bam  and  the  fields.  The  direction  of  the 
prevailing  wind  must  also  be  taken  into  con- 
sideration, in  order  that  the  doors  may,  as 
far  as  possible,  be  located  on  the  leeward 


side.  The  garage  is  sometimes  connected 
with  the  implement  shed;  consequently,  it  is 
usually  desirable  to  have  the  location  not  too 
far  from  the  dwelling.  If  a repair  shop  or  a 
power  plant  be  incorporated  in  the  Bame  build- 
ing, the  same  recommendations  would  apply. 

Requirements.  Since  the  building  is  de- 
signed primarily  as  a simple  shelter,  and  no 
part  of  it,  except  the  floor,  is  subjected  to 
any  great  load,  it  is  necessary  in  designing  the 
superstructure  to  make  it  only  strong  enough 
to  resist  snow  and  wind  loads.  The  interior 
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Fig.  601.  This  shed  has  greater  depth  than  that  shown  m Fig.  600,  and  sliding  doors  which  often  work  more 
freely  than  hinged  ones.  Light  implements  and  parts  can  be  stored  on  the  rafters,  whether  floored  over  or  not 


should,  if  possible,  be  kept  free  from  support- 
ing posts,  m order  that  there  may  be  the  mini- 
mum interference  with  the  arrangement  of 
implements.  The  building  should  not  be  too 
narrow  and  its  length  not  so  great  as  to  pro- 
duce an  awkward  appearance  in  the  structure 
itself. 

Materials.  Probably  the  best  material 
for  the  construction  of  an  implement  shed 
is  wood,  although,  where  a large  number  of 
machines  are  to  be  sheltered  and  where  a 
heavier  investment  is  warranted,  it  may  be 
found  advantageous  to  use  some  of  the  more 
permanent  building  materials  such  as  bride, 
hollow  day  blocks,  or  concrete.  Since  sim- 
plidty  ana  economy  are  the  fundamentals 
of  construction,  it  is  doubtful  if  the  average 
implement  shed  justifies  the  use  of  the  more 
expensive  permanent  materials.  The  floor  of 


Fig.  602.  Simple  roof  framing  for  machine  sheds  (a 
and  b)  the  latter  providing  extra  storage  space;  and  (c) 
one  style  of  trussed  lintel  for  a wide  shea  door. 


the  shed  may  be  made  of  concrete  for  the  sake 
of  durability;  but  it  is  expensive,  and  some- 
times dulls  the  sharp  edges  of  certain  cutting 
implements  which  may  be  run  over  the  floor. 
A wooden  floor  has  neither  of  these  disadvan- 
tages; but,  on  the  other  hand,  it  is  subject 
to  decay,  particularly  so  since  it  is  usually 
preferable  to  construct  the  floor  rather  close 
to  the  ground. 

Size.  Experience  has  shown  that,  on  the 
average  farm,  sheds  18  feet  and  25  feet  in 
width  are  most  advantageous  in  the  placing 
of  machines;  and  both  of  these  widths  are 
such  as  to  admit  of  the  economical  use  of 
standard  lengths  of  lumber.  Of  course,  any 
variation  from  these  figures  is  permissible, 
if  a better  arrangement  can  be  secured  thereby. 
The  length  can  be  adjusted  to  meet  the 
required  floor  space,  although  the  general 
proportions  of  the  building  must  be  kept  in 
mind  for  appearance  sake. 

It  is  usually  advisable  to  build  an  imple- 
ment shed  of  one  story  only.  The  use  of  a 2- 
story  structure  is  ordinarily  not  advantageous, 
since  either  a hoist  or  a ramp  must  be  utilized 
in  getting  an  implement  into  the  second 
story,  ana  both  devices  are  likely  to  be  unsat- 
isfactory and  difficult  to  operate.  Under 
some  circumstances,  however,  as,  for  instance, 
when  the  shed  is  built  on  the  slope  of  a rather 
steep  hill,  it  may  be  possible  to  gain  access  to 
the  second  floor  from  the  slope  above  the 
building,  while  the  first  floor  may  be  entered 
from  the  slope  below,  as  is  very  often  the  case 
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in  bank  barns.  If  a 2-story  building  is 
erected,  care  must  be  taken  to  design  the 
framework  so  as  to  withstand  the  extra  load- 
ing which  is  placed  upon  it.  The  usual  ar- 
rangement in  a building  of  this  kind  results 
in  the  placing  of  the  lighter  and  more  easily 
handled  machines  in  the  upper  story. 

Interior  arrangement.  The  interior  ar- 
rangement of  the  machine  shed  will  depend, 
to  a great  extent,  upon  the  particular  use  to 
which  the  building  is  to  be  put.  If  it  is  to  be 
used  simply  as  an  implement  shed,  a rectangu- 
lar building  with  a free  interior  will  be  the 
most  desirable.  If  a shop  or  power  plant  be 
added,  it  may  be  placed  in  an  extension  of  the 
building  atoneena,  the  same  arrangement  hold- 
ing good  if  the  building  is  to  include  a garage. 
However,  too  many  extensions  in  one  direction 
are  likely  to  make  the  building  unduly  long; 
consequently,  it  may  be  well  to  make  some  of 
the  additions  in  the  form  of  wings  or  ells. 
Where  local  requirements  are  important,  the 
position  of  the  garage  or  the  repair  shop  may 
properly  govern  the  arrangement. 

In  planning  a machine  shed,  the  natural 
procedure  is  to  make  a list  of  the  various 
implements  to  be  housed,  to  ascertain  their 
space  requirements  in  width,  length,  and 
height,  and  then  to  determine  the  total  floor 
space  required.  Considerable  economy  of 
space  may  be  effected  by  using  care  in  the  ar- 
rangement of  the  machines.  For  instance, 
spike-tooth  harrows  may  readily  be  disposed 
of  by  hanging  them  upon  the  wall.  Small 
hand  tools,  walking  plows,  drills,  and  so 
forth  may  be  slipped  into  the  comers  between 
other  machines.  In  this  way,  the  total  floor 
space  required  may  be  reduced  as  much  as  10 
to  15  per  cent. 

When  making  e tentative  arrangement  of 
the  machines  within  the  designated  area,  the 
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natural  sequence  in  which  they  will  enter 
into  the  farm  operations,  as  well  as  the  num- 
ber of  times  per  year  they  will  be  used,  should 
be  kept  in  mind.  For  instance,  a binder  that 
is  used  but  once  a year  may  well  occupy  a 
comer  farthest  from  the  door,  while  a mower, 
being  used  more  or  less  throughout  the  entire 
season,  should  be  placed  next  to  the  door, 
where  it  will  be  readily  accessible.  Imple- 
ments like  wagons  and  spreaders  are  used  to 
such  an  extent  that  it  is  advisable  to  keep 
them  in  a place  where  no  time  will  be  lost 


by  having  to  take  them  out  of  and  put  them 
into  a shed.  When  so  disposed  of,  they  may 
be  drawn  by  the  horses  directly  under  the 
shelter  and  left  there  when  the  horses  are  un- 


hitched. Similarly,  no  time  will  be  lost 
when  the  implements  are  used  again. 

A repair  shop  or  a power  plant  built  in 
connection  with  an  implement  shed  usually 
requires  a little  better  construction  than  in  the 
shed  itself.  The  repair  shop  is  likely  to  be 
used  during  wintertime  and,  consequently, 
must  be  heated.  It  follows  that  the  walls 
must  be  built  tight  and  should  be  insulated, 
in  order  that  the  waste  of  heat  be  not  too  great. 
Ample  light  must  also  be  provided,  which 
necessitates  the  use  of  several  windows.  Such 
a room  must  also  be  ceiled.  A plan  that  may 
be  followed  to  good  advantage,  if  a seed  store- 
room be  needed,  is  to  make  a 2-story  structure, 
with  the  workshop  below  and  seed  storeroom 
above.  While  the  seed  room  should  have  a 


tight  floor,  any  loss  of  heat  through  the  work- 
shop will  only  add  warmth  and  dryness  to  the 
storeroom  above.  A garage  in  connection 
with  the  implement  shed  should  be  so  located 
that  there  will  be  a door  between  the  workshop 
and  the  garage,  thus  making  possible  the  utili- 
zation of  the  same  heating  unit  in  both  rooms. 

An  addition  to  the  main  part  of  the  shed 
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is  often  provided  for  such  implements  as 
wagons  and  spreaders,  consisting  simply  of  a 
roof  supported  on  posts  9 feet  apart.  The 
wagon  or  spreader  is  driven  under  this  struc- 
ture and  the  horses  are  then  unhitched,  leav- 
ing the  implement  where  it  stands.  Quite 
often,  the  implement  is  kept  under  separate 
cover  near  the  bam,  where  the  litter  carriers 
may  be  emptied  directly  into  it. 

Framing.  Two  methods  of  framing  may 
be  followed,  depending  upon  the  type  of  wall 
covering  that  is  to  be  used.  In  one  method, 
6x6  posts,  set  upon  concrete  piers  with 
4x6  plates  on  top,  form  the  main  part  of  the 
frame.  On  the  outside  of  the  posts,  at  the 
top,  bottom,  and  middle,  2x6  girts  are  cut 
into  the  posts,  flush  with  the  outside  surface. 
These  provide  a nailing  for  the  wall  covering 
which,  in  this  case,  consists  of  1-inch  boards, 
usually  10  or  12  indies  wide,  placed  vertically, 
the  cracks  between  the  boards  being  covered 
byjogee  battens. 

If  it  is  desirable  to  have  horizontal  siding, 
it  will  be  necessary  to  use,  instead  of  the  posts, 
2x6  studs  2J  or  3 feet  on  centre,  the  4x6 
plate  being  placed  on  top  of  these.  In  regions 
where  the  wind  is  never  severe,  it  may  be  pos- 
sible to  use  2x4  studs,  but  such  a procedure 
is  likely  to  weaken  the  structure  greatly. 

Some  objection  to  the  use  of  horizontal 
siding  has  been  made,  on  the  ground  that  the 
horizontal  joints  between  the  boards  are 
likely  to  retain  moisture  and  thus  cause  early 
decay.  The  joints  between  vertical  boards 
are  self-drained. 

If  the  heavy  post  framing  be  employed,  the 
only  foundation  required  will  be  the  support- 
ing piers;  but,  if  the  alternate  method  of 
framing  be  used,  it  will  be  desirable  to  have  a 
continuous  foundation  wall,  which  need  be 


only  6 inches  wide  and,  perhaps,  2 feet  deep; 
for  no  great  weight  comes  upon  it. 

Roof.  The  rafters  supporting  the  roof  must 
be  strongly  self-braced,  since  the  presence 
of  interior  supporting  posts  makes  the  hand- 
ling of  machines  difficult  in  a shed  less  than 
18  feet  wide.  A simple  crosstie,  with  a king- 
post at  the  centre,  is  usually  sufficient;  but 
m wide  buildings  it  may  be  necessary  to  utilize 
some  sort  of  a simple  truss,  to  prevent  sagging 
of  the  roof. 

The  roof  covering  may  be  either  shingles  or 
prepared  roofing.  In  the  first  case,  the  roof 
sheathing  consists  of  1 x 4 boards  spaced  2 
inches.  In  the  second  case,  it  will  be  neces- 
sary to  use  close  sheathing.  Shingles  should 
not  be  used  on  roofs  of  less  than  one  fourth 
pitch,  for  on  roofs  of  low  pitch  they  are  subject 
to  rapid  decay,  due  to  slow  drying. 

Doors.  In  a building  of  this  kind,  there 
should  be  as  few  doors  as  possible.  In  a small 
machine  shed,  one  door  is  usually  sufficient; 
but  this  will  have  to  be  rather  wide,  in  order 
to  accommodate  such  machines  as  rakes  and 
wide  drills.  In  some  arrangements  of  sheds, 
it  may  be  found  desirable  to  have  one  entire  side 
equipped  with  doors;  but  extra  doors  always 
increase  expense,  not  only  in  first  cost,  but  in 
maintenance  as  well.  Swinging  doors  wider 
than  4 feet  should  not  be  used,  on  account  of 
the  difficulty  of  securing  adequate  supports 
for  the  hinges.  Even  with  good  supports,  the 
weight  of  the  door  will  often  cause  it  to  sag. 

Since  it  is  usually  not  practicable  to  have 
the  main  door  less  than  10  or  12  feet  wide,  it 
follows  that  the  plate  above  the  door  must  be 
extra  strong.  It  may  consist  of  three  2 x 10’s 
nailed  together  on  edge,  or  of  a simple  tri- 
angular truss  whose  rise  is  not  more  than  one 
foot  in  the  entire  span. 


Milkhouses 

The  primary  purpose  of  a milkhouse  is  to  provide  a place  in  which  the  milk 
may  be  properly  taken  care  of  immediately  after  milking.  Experience  has  shown 
that  quick  cooling  after  milking  prevents  the  growth  of  bacteria,  for  warm  milk  is 
an  almost  perfect  medium  for  bacterial  growth.  Also,  the  flavor  of  milk  is  im- 
proved by  quick  cooling.  The  milkhouse  should  be  kept  separate  from  the  bam, 
in  order  that  the  milk  may  not  absorb  odors  from  the  silage  and  manure.  Since 
it  is  necessary  that  the  utensils  used  in  milking  be  kept  clean,  an  excellent  place 
in  which  this  may  be  accomplished  is  the  milkhouse. 


Location.  The  location  of  the  milkhouse 
may  be  either  near  the  barn,  or,  as  is  com- 
monly the  case  with  small  dairies,  nearer  the 
house  than  the  barn.  Much  will  depend 
upon  who  has  charge  of  the  care  of  the  milk. 
In  certain  localities,  where  springs  or  running 
artesian  wells  are  available,  the  location  of  the 
milkhouse  may  depend  upon  the  accessibility 
of  the  water  supply,  because  a supply  of  run- 
ning water  is  such  a decidedly  good  feature 


that  the  fullest  advantage  should  be  taken  of 
it.  Since  the  building  is  usually  rather  small 
and  inconspicuous,  in  comparison  with  the 
rest  of  the  farm  buildings  surrounding  it,  it 
usually  does  not  obtrude  itself  upon  the  view; 
consequently,  no  matter  where  it  is  placed, 
it  is  not  likely  to  prove  an  undesirable  factor 
in  the  general  appearance  of  the  farmstead. 

: Size.  The  size  of  the  milkhouse  will  de- 
pend mainly  upon  2 things,  namely,  the  size 
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of  the  herd  and  the 
method  of  disposal 
of  the  product.  On 
the  ordinary  farm, 
where  only  a few 
cows  are  kept,  a 
building  of  100  to 
150  square  feet  of 
floor  space  will  be 
amply  large.  The 
size  of  the  building 
may  be  increased  as 
much  as  desired  to 
accommodate  a greater  production  of  milk. 
If  the  product  of  the  cows  is  sold  as  whole 
milk,  a smaller  building  will  be  needed  than 
when  the  product  is  sold  as  cream  or  butter; 
for,  in  the  latter  case,  additional  provision 
must  be  made  for  accommodating  additional 
equipment,  such  as  a cream  separator  and 
a churn.  The  building  is  almost  always  of 
one  story  only,  sometimes  partially  below 
ground,  an  arrangement  which  renders  ex- 
cellent drainage  imperative. 

Arrangement.  A typical  arrangement  for 
a milkhouse  of  a rectangular  shape  is  to  have 
it  divided  into  3 sections,  one  being  par- 
titioned off  to  provide  a washroom  for  the 
milkers  and  one  as  a room  for  the  cleansing  of 
the  milk  utensils.  The  second  section  ac- 
commodates the  boiler  and  provides  space  for 
the  storage  of  fuel.  The  third  section  is  the 
milkroom  proper,  and  is  usually  located  be- 
tween the  other  2 sections.  Provision  must, 
of  course,  be  made  for  ample  light  and  ade- 
quate ventilation,  since  both  of  these  are  valu- 
able sanitary  influences. 

Equipment  The  method  of  disposing  of 
the  dairy  product  will  naturally  control  the 
amount  and  variety  of  equipment  installed 
in  the  structure.  If  the  owner  sells  the  milk, 
it  will  be  necessary  to  have  a cooler,  which 
usually  consists  of  a vat,  or  tank,  provided 
with  running  water  of  a temperature  not 
exceeding  50  degrees  or  which  may  be  kept  at 
that  temperature  by  adding  ice  to  the  water. 
Very  often  springs  furnish  water  which  is  of 
itself  sufficiently  cold;  but,  if  this  cannot  be 
had,  and  ice  must  be  provided,  it  will  be  neces- 
sary to  include  in  the  milkhouse  some  arrange- 
ment for  ice  storage.  If  the  milk  is  sold  in 
bottles,  some  additional  equipment  in  the 
way  of  a sterilizer,  a small  bottler,  and  a refrig- 
erator for  the  storage  and  rapid  cooling  of  the 
bottled  milk  is  necessary. 

When  cream  is 
sold  instead  of  the 
milk,  the  cream  sep- 
arator is  an  essential 
item  of  equipment, 
and  the  wise  dairy- 
man will  include  a 
Babcock  tester. 
When  the  cream  is 
churned  into  butter 
before  being  sold,  a 


Fig.  605. — This  kind  of  milk 
bouse  brings  bolb 


Fig.  604.  This  kind  of 
milk  house  brings  neither 
satisfaction  nor  profits— 


churn  is,  of  course,  necessary;  and,  if  the 
amount  of  butter  produced  is  at  all  extensive, 
some  sort  of  power  for  operating  the  churn 
and  some  of  the  other  machinery  will  be 
required. 

The  washroom  for  the  milkers  should  be 
provided  with  sanitary  lockers  for  their 
clothes,  and  a lavatory  and  a shower  bath 
would  be  decidedly  advantageous.  In  that 
portion  of  the  room  given  over  to  the  cleansing 
of  utensils,  the  equipment  should  include  a 
large  sink  so  set  that  not  only  may  a supply 
of  water  be  available  for  it,  but  steam,  also, 
for  sterilization  of  the  utensils.  There  should 
also  be  installed  a slotted  rack  of  adequate 
size  upon  which  the  utensils  may  be  placed 
for  draining  after  having  been  thoroughly 
cleansed.  In  many  milkhouses,  a closet  is 
built  between  the  washroom  and  the  milk- 
room,  into  which  the  utensils,  after  cleansing. 
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Fig.  606.  Floor  plan  of  a small  milk  houae  adapted 
to  the  needs  of  a general  farm  carrying  on  a moderate 
dairy  business. 


are  put  from  the  washroom  side,  being  taken 
out  as  needed  through  doors  on  the  milk- 
room  side. 

The  boiler  room  need  not  be  very  large, 
since  the  only  thing  to  be  placed  m it  is 
the  vertical  boiler  of  2-  to  5-horsepower,  which 
will  furnish  the  steam  and  hot  water  necessary 
for  cleansing  purposes.  The  fuel  room  should 
be  large  enough  to  contain  a suitable  amount 
of  fuel.  In  most  regions,  the  fuel  will  consist 
of  coal,  the  use  of  which  is  accompanied  by 
dust  and  dirt;  but  certain  sections  of  the 
country  are  especially  favored  with  natural 
gas  or  with  crude  oil,  either  of  which  provides 
a very  cleanly  fuel. 

Construction.  In  a small  building  of  this 
kind,  a very  simple  foundation,  consisting  of  a 
continuous  wall  extending  below  the  frost 
line  and  with  a footing  not  exceeding  1 foot 
in  width,  is  all  that  is  necessary.  It  will  be 
advantageous  to  have  this  foundation  of  con- 
crete and  to  make  it  practically  continuous 
with  the  floor  which  snould  also  be  of  con- 
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Front  >5/v£  Zlzvat/on 

Fig.  607.  Plans  of  a two-room  milkhouae  equipped  with  a boiler  for  washing  and  sterilising* 


FROA/T  v3/QC  ZLZMT/OM 

Fig.  606.  Plans  of  a small  one-room  milk  house  in  which  milk  and  cream  for  a limited  local  trade  can  be 

handled  promptly  and  in  a sanitary  manner 
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Fig.  609.  Floor  plan  of  a larger,  more  complete  dairy  house  including 
a boiler  room  which  can  be  used  as  a shop 


crete.  There  may  be  some  objections  to  this 
material  because  it  is  so  cold  and  so  hard  to 
walk  upon;  but  any  such  objections  are  more 
than  counterbalanced  by  the  sanitary  value 
possessed  by  concrete,  since  it  may  be  readily 
kept  clean.  The  floor  should  not  be  made 
perfectly  level,  but  should  be  provided  with 


a drain  toward  which  the  entire 
floor  should  slope. 

The  superstructure  may  be  erf 
wood,  in  which  case  the  studs  are 
attached  to  the  foundation  by  the 
use  of  stud  sockets.  Normally, 
wood  will  be  the  cheapest  material; 
but,  for  the  sake  of  durability 
and  sanitation,  it  may  be  found 
desirable  to  build  practically  the 
entire  structure  of  concrete.  There 
are  on  the  market  various  forms 
of  metal  wall  reinforcing  which 
may  be  combined  with  concrete  so 
as  to  form  a wall  sufficiently  strong 
and  substantial  for  a building  of 
this  character.  The  inside  walls, 
whether  of  wood  or  cement  con- 
struction, should,  of  course,  be  kept 
as  smooth  as  possible. 

It  must  be  borne  in  mind  that  sanitation 
is  the  keynote  in  the  construction  of  any  kind 
of  dairy  buildings;  for  recent  careful  investi- 
gations indicate  that  contamination  of  milk 
occurs  to  a greater  extent  in  the  handling  of 
the  milk  after  it  comes  into  the  milkhouse  than 
in  the  bam  itself. 


Creameries 

These  buildings  are  found  almost  entirely  in  regions  which  are  primarily 
fitted  for  dairying,  although  occasionally  a creamery  may  be  located  in  regions  of 
general  farming  where  the  transportation  is  good.  Indeed,  the  ideal  situation  for  a 
creamery  is  in  the  centre  of  a good  dairy  production  community,  with  good  roads 
and  good  facilities  in  the  way  of  railway  transportation.  It  must  be  remembered 
that,  usually,  there  is  an  investment  of  several  thousand  dollars  in  buildings  of 
this  kind  and;  since  they  are  generally  owned  by  a number  of  individuals,  or 
stockholders,  it  is  necessary  to  have  some  assurance  of  profits  in  order  to  satisfy 
the  numerous  owners. 


Location  and  requirements.  As  far  as  local 
conditions  controlling  the  location  are  con- 
cerned, the  building  must  be  away  from  dust 
and  dirt,  which  means  that  it  should  be  pro- 
tected by  some  sort  of  a windbreak,  if  possible, 
and  should  be  some  distance  away  from  the 
road.  An  adequate  supply  of  water  is  es- 
sential; this  must  be  obtained  either  from 
springs  or  from  wells.  There  must  also  be 
opportunity  for  the  disposal  of  waste  and 
sewage,  which,  in  the  case  of  dairy  buildings, 
is  especially  difficult  to  handle.  If  an  ade- 
quate supply  of  running  water  is  not  available, 
it  will  be  necessary  to  store  considerable  quan- 
tities of  ice;  and,  for  this  reason,  the  presence 
in  the  vicinity  of  a body  of  good  water,  from 
which  ice  may  be  harvested  in  winter,  is  a 
decidedly  advantageous  feature.  Of  course, 
the  cooler  the  natural  water  supply,  the  less 
the  ice  that  will  be  needed. 

Arrangement.  It  is  difficult  to  enumerate 
any  definite  principles  which  should  control 


the  arrangement  of  a creamery.  In  general, 
however,  it  may  be  said  that  a refrigerator 
is  a necessity  and  that  its  natural  location 
should  be  at  the  north  end,  since  this  is  likely 
to  be  the  coolest  part  of  the  building.  Stor- 
age rooms  will,  of  course,  be  needed  in  close 
proximity  to  the  refrigerator  and,  conse- 
quently, the  whole  north  end  of  the  build- 
ing may  be  given  over  to  refrigerative  opera- 
tions. The  intake  for  the  purchased  dairy 
products  will,  normally,  be  at  the  other  end 
of  the  building  and,  usually,  will  occupy  a con- 
siderable space.  An  exterior  unloading  plat- 
form, about  4 feet  from  the  ground,  should  be 
rovided,  and  a portion  of  the  floor  within  the 
uilding  should  be  built  up  to  the  same  level; 
by  this  arrangement  it  may  be  possible  to 
utilize  gravity,  to  some  extent,  for  conveying 
the  raw  material  to  the  other  pails  of  the  plant. 
When  cream  or  milk  is  purchased,  it,  of 
course,  must  be  tested  for  butter-fat  content. 
This  requires  a testing  room,,  which  should  be 
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Fig.  610.  Floor  plan  of  a creamery  such  as  a commun- 
ity of  dairy  farmers  could  cooperate  to  build,  support, 
and  profit  by. 

near  the  intake  and  should  also  be  in  close 
proximity  to  the  office  where  the  records  are 
kept.  The  intake,  testing  room,  and  office 
may  well  occupy  the  soutn  end  of  the  build- 
ing. 

This  leaves  the  main  workroom  "to  be  lo- 
cated at  the  centre  of  the  building,  which  is 
its  logical  location,  in  order  that  it  may  fit 
in  with  the  most  efficient  scheme  of  sequence 
in  operations. 

Provision  must  also  be  made  for  a boiler 
room;  and  there  must  not  only  be  room  for  the 
boiler  itself,  but  there  must  be  some  stor- 
age room  for  fuel.  It  is  always  a good  idea 
to  have  a small  repair  shop,  for  quite  often  the 
creamery  is  a more  or  less  isolated  building, 
and  to  get  repairs  done  quickly  may  prove 
rather  difficult  unless  they  can  be  done  at  the 
plant.  Some  sort  of  a wash-room  should  also 
be  provided  for  the  workers  in  the  plant,  as 
well  as  locker  accommodations  for  their 
dothes. 

Construction.  A dairy  building  of  this 
kind  calls  for  a good  type  of  construction. 
It  operates  the  year  'round  with  a force  of 


workmen;  and  the  structure  must,  therefore, 
be  built  in  such  a way  as  to  provide  for  their 
comfort,  to  a reasonable  degree,  in  all  kinds  of 
weather.  Standard  double-wall  building  con- 
struction is  to  be  recommended  if  the  struc- 
ture is  to  be  built  of  wood.  The  inside  walls 
must  be  made  hard  and  smooth  for  sanitary 
reasons.  If  the  project  shows  any  degree 
of  permanency,  it  may  be  well  to  use  more 
permanent  building  materials,  such  as  brick 
or  concrete,  though  the  expense  of  construc- 
tion will,  of  course,  be  thereby  increased  some- 
what. 

The  floor  of  any  dairy  building  should  be  of 
concrete.  If  heavy  ma- 
chinery is  to  be  placed 
upon  it,  it  should  be 
constructed  very  care- 
fully, with  a proper  sub- 
base covered  with  not 
less  than  6 inches  of  a 
<5  good,  rich  mixture  of 
^ concrete.  The  corners 
of  the  floor  should  be 
rounded,  in  order  that 
no  recess  may  be  formed 
for  the  accumulation  of 
-*■  dirt.  A slope  of,  perhaps, 
1 inch  in  8 or  10  feet 
should  be  made  toward 
some  point  at  which  a 
good  drain  provided  with 
a bell  trap  may  be  located.  A depression  of 
a couple  of  inches  in  the  immediate  vicinity 
of  the  drain  usually  facilitates  cleaning 
operations. 

It  is  a mistake  to  make  the  walls  of  a build- 
ing of  this  kind  low.  Ventilation  is  abso- 
lutely essential,  because  great  quantities  of 
steam  are  usually  produced  and  must  be  car- 
ried off.  In  the  summer  time,  the  air  is 
likely  to  become  oppressive  if  the  walls  are 
low.  A height  of  at  least  14  to  16  feet  is  to 
be  recommended,  and  as  many  windows  as 
possible  should  be  put  in.  Since  it  is  ordi- 
narily necessary  to  attach  line  shafts  to  the  wall 
and  ceilings  for  the  operation  of  the  various 
machines,  care  must  be  taken  that  adequate 
strength  is  provided  to  support  rather  heavy 
loads. 

In  the  wintertime,  some  form  of  heat  must 
be  provided.  This  may  be  furnished  by  the 
exhaust  steam  from  the  boilers;  if  this  is  not 
sufficient,  the  boiler  should  be  designed  large 
enough  to  furnish  an  additional  supply  of  live 
steam  for  heating  purposes. 

The  equipment  for  houses  of  this  kind  will 
depend  upon  the  size  of  the  plant;  but  the 
various  items  will  be  practically  the  same 
for  either  a large  or  a small  plant,  varying 
only  as  to  size.  The  equipment  for  a cream- 
ery in  a community  where  the  milk  from,  per- 
haps, 1,000  cows  is  handled,  is  given  in  the  ac- 
companying list  which  has  been  taken  from 
Bulletin  224  of  the  Wisconsin  Agricultural 
Experiment  Station. 
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10-horaepower  steam  engine 
15-hor»epower  boiler 
small  truck 
platform  scale 
weigher  for  buttermilk  and 
ski  mm  ilk 
chum 

two  ripeners 


SUGGESTED  CREAMERY  EQUIPMENT 


can  steamer 
butter  printer 
starter  can 
print  scale 
tub  paraffiner 
tub  tank 
water  tank 
buttermilk  tank 


water  heater 
cream  elevator  pump 
cream-testing  scale  and 
equipment 
water  hath 

24-bottle  turbine  tester 
conductor  head  and  spouts 
60-gal.  weigh  can 


moisture-test  scale 
moisture-test  apparatus 
salt-test  apparatus 
acidity-test  apparatus 
office  equipment 
cleaning  utensils 
shafting  and  pulleys 
repair  equipment 


SOME  CHEESE  FACTORY  DETAILS 

By  Professor  J.  L.  Saiohs  (see  Volume  J,  Chapter  44.)  Although  the  cheese  factory , like 
the  creamery,  is  not  a farm  structure,  it  is  one  about  which  the  farmer,  especially  the  dairy  farmer, 
should  have  some  knowledge . In  many  cases  he  may  have  a cooperative  interest  in  its  management; 
in  others  he  may  depend  upon  its  success  for  a large  percentage  of  his  returns . In  any  case  he 
should  be  interested  in  its  efficiency  and  sanitation  and  know  how  they  can  be  maintained  and  im- 
proved.— Editor. 


It  is  a little  more  than  60  years  since  the  first  cheese  factory  in  America  was 
established,  in  Herkimer  County,  New  York.  The  early  factories  were  con- 
structed in  nearly  every  case  of  wood,  and  were  somewhat  makeshift  in  character; 
but  the  rapid  development  of  the  factory  system  was  accompanied  by  a corres- 
ponding improvement  in  the  buildings  in  which  the  industry  was  carried  on. 
To-day,  the  thousands  of  cheese  factories  in  the  United  States  include  a large 
number  of  buildings  which  are  of  a substantial  character  and  are  constructed  on 
sound  sanitary  principles. 

The  most  careful  attention  should  be  given  to  the  internal  arrangements  of  the 
cheese  factory,  so  as  to  insure  perfect  cleanliness,  without  which,  indeed,  no  cheese 
factory  has  a justifiable  right  to  exist. 


Location  and  dimensions.  The  use  of  a 
lot,  large  enough  for  the  factory  and  affording 
also  a vegetable  garden  for  the  maker,  may 
often  be  secured  free  of  charge  from  a farm 
owner  who  wishes  the  factory  located  near  by. 
The  building  should  be  planned  large  enough 
to  admit  of  using  an  additional  vat  or  two, 
when  the  natural  increase  in  the  milk  supply 
makes  this  necessary.  The  curing  room  at  an 
American  cheese  factory  may  be  built  one 
half  to  two  thirds  as  large  as  the  makeroom, 
since  cheese  are  commonly  shipped  every 
week,  as  soon  as  the  surface  is  well  dried. 
The  rooms  above  the  factory  may  be  used 
partly  for  the  storage  of  cheese  boxes  and 
partly  as  living  rooms  for  the  maker's  family, 
the  latter  being  a great  convenience  for  the 
maker  in  going  to  and  from  meals,  etc. 

The  intake,  whey  tank,  coal  bin,  and  cheese- 
shipping door  should  be  located  conveniently 
with  reference  to  the  driveway. 

Curing  room,  whey  tank,  and  boiler  room. 
The  curing  room  should  be  located  on  the 
north  side  of  the  makeroom,  as  this  affords  the 
best  protection  to  the  cheese  against  tempera- 
ture changes.  The  intake,  if  located  on  the 
east  side,  will  be  then  best  lighted  in  the  early 
morning  and  protected  from  north  and  west 
winds  in  winter.  The  whey  tank  should  be 
located  within  sight  of  the  intake,  but  far 
enough  along  the  driveway  to  afford  room  for 
several  teams  to  stand.  The  boiler  room 


should  be  close  to  the  intake  or  within  easy  ac- 
cess from  it,  so  that  the  maker  can  conven- 
iently get  up  steam  and  take  in  milk  during 
the  early  morning. 

The  makeroom.  The  dimensions  of  the 
makeroom  should  be  arranged  to  fit  the  vats 
and  other  machinery.  In  most  cases,  and 
especially  where  more  than  2 vats  are  used,  it 
is  best  to  place  each  vat  with  one  end  toward 
the  intake,  so  that  a single  long  conductor 
pipe  may  be  used  for  all  vats. 

A cement  floor,  extending  for  a foot  or 
more  up  the  wall  and  provided  with  sufficient 
pitch  and  with  bell  drain  traps,  is  far  better 
than  a wooden  floor.  The  walls  and  ceiling 
of  • the  makeroom  should  be  finished  and 
smooth,  so  as  to  be  kept  clean  without  diffi- 
culty. High  ceilings,  plenty  of  light,  and 
screened  windows  and  doors  are  necessary. 
All  pipes  or  utensils  used  for  holding  milk  or 
other  food  for  man  should  be  built  and  located 
so  that  all  parts  can  be  readily  seen  and 
cleaned  daily.  In  Wisconsin,  where  factories 
and  makers,  after  passing  satisfactory  inspec- 
tion, are  licensed  by  the  Dairy  and  Food 
Commissioner,  the  sanitary  requirements  as  to 
the  construction  and  operation  of  a factory  are 
described  in  printed  rules  and  suggestions. 

The  whey  tank  and  its  care.  A stinking 
whey  tank  which  can  be  smelled  by  passersby 
is  both  intolerable  and  unnecessary.  The 
whey  tank  should  be  emptied  and  scrubbed 
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regularly;  and  an  accumulation  of  spilled  whey 
on  the  ground  below  the  outlet  should  be 
prevented,  as  this  ma y be  the  principal  source 
of  bad  odor.  To  this  end,  a cement  block, 
perhaps  8 feet  square,  with  a eood  pitch  toward 
the  middle,  should  be  located  below  the  whey- 
tank  outlet.  A drain  tile,  with  an  iron 
grating  opening  at  the  lowest  point  in  the 
centre,  will  allow  all  spilled  whey  to  be  quickly 
scrubbed  down  and  carried  away  in  the  drain, 
thus  avoiding  a foul-smelling  mudhole  at 
this  point.  With  a properly  built  septic 
tank,  many  factories  in  Canada  and  elsewhere 
dispose  of  their  scrub  water,  etc.,  without  cre- 
atine a nuisance. 

The  accompanying  suggested  equipment 
for  a cheese  factory,  also  abstracted  from  Bul- 
letin 224  of  the  Wisconsin  Agricultural 
Experiment  Station,  may  prove  helpful. 


SUGGESTED  CHEESE- 

10-20-horecpower  boiler 
4-8-hocscpower  engine 
force  pump  and  jack 
600-pound  platform  scales 
60-gal.  weigh  can 
conductor  bead  and  spout 
strainer  rack 
Babcock  tester 
2 sample  jars  for  each 
patron 
aadmeter 
Wisconsin  curd  test 
Marschall  rennet  test 
sampling  dipper 
hoisting  crane 
600- pound  cheese  vat 
curd  agitators 
double  presses  for  cheese 
50  cheese  hoops 
horizontal  curd  knife 
vertical  curd  knife 
hand  rakes 

repair  e< 


FACTORY  EQUIPMENT 

curd  forks 
curd  pails 
curd  strainers 
dippers 

strainer  dippers 
curd  mill 
cheese  knife 
cheese  trier 
churn 

cream  ripener 
butter  printer 
cream-testing  scale 
whey  separator 
counter  scale 
paraffin  tank 
wash  sink 

starter  can  (40-gal.) 
tin  paib 

galvanized  iron  pails 
cleaning  equipment 
office  equipment 
shafting  and  pulleys 
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Fig.  611.  Harvesting  the 'ice  crop.  Every  farm  that 
can  do  so,  should  make  this  one  of  its  regular  operations 


CHAPTER  37 


Icehouses  and  Cold-Storage  Houses 


By  Professor  R.  P.  Clarkson  {see  Chapter  H).  Aside  from  the  advantages  it  offers  as  a 
means  for  keening  foods  of  all  hinds  in  good  condition  in  hot  weather,  there  are  two  reasons  why 
every  farmer  that  can  should  cut  and  save  his  own  supply  of  ice.  In  the  first  place  it  can  he  done 
at  no  cost  whatever  save  that  of  his  labor  and  hauling  expense;  secondly , the  work  can  be  done  only 
during  ivinter  when  no  other  jobs  demand  immediate  attention.  Moreover  there  is  always  a market 
for  any  surplus , either  in  the  nearest  village  or  among  his  neighbors.  The  use  of  canned  goods 
and  the  tendency  to  buy  meats  of  the  butcher  rather  than  to  raise , hill,  and  dress  them,  have  to  some 
extent  dimmed  the  importance  of  cold  storage  facilities.  But  to  balance  this,  the  increasing  popur 

Sand  use  of  concrete  and  hollow  tile  offer  the  inducement  that  an  efficient  icehouse  can  be  more 
j and  more  cheaply  built  and  a supply  of  ice  more  easily  gathered  and  more  economically  kept 
than  ever  before.  Practically  the  whole  story  of  how  to  do  it  is  told  in  the  next  nine  pages.  Every 
farmer  vtithin  reach  of  a pond  and  freezing  weather  should  learn  it,  act  upon  it,  and  profit  by  it— 
Editor. 

FOR  more  than  100  years  traffic  in  ice  has  been  carried  on  until  it  has  so  out- 
grown natural  supplies  that  artificial-ice  plants  have  sprung  up  all  over  the 
country  and  artificial  ice  can  be  sold  in  most  sections  cheaper  than  natural  ice. 
Since  about  1830,  when  the  export  trade  reached  its  height,  practically  all  tropical 
supplies  have  been  produced  artificially  on  the  spot,  whereas  before  that  time 
thousands  of  tons  of  ice  were  shipped  around  the  world.  Notwithstanding  this 
situation,  the  individual  farm  icehouse,  storing  up  the  natural  ice  from  some 
small  nearby  pond,  is  a very  desirable  thing  for  every  economical  farmer.  The 
lack  of  a natural  pond  or  of  a freezing  climate  does  not,  by  any  means,  shut  him 
off  from  the  advantages  of  cold  storage.  Artificial-ice  plants,  refrigerating 
methods  without  ice,  and  other  methods  of  preservation,  are  all  open  to  him  at 
comparatively  small  cost. 

Icehouses  for  the  farm.  The  advantage  and  convenience  of  having  a good 
supply  of  ice  is  far  beyond  the  small  cost  of  gathering  it,  not  only  to  the  general 
farmer,  but  also  to  the  dairyman,  the  country  merchant,  and  the  rural  dweller. 
Often  a vacant  shed,  a comer  or  the  bam,  an  unused  cellar,  an  empty  silo,  a 
vegetable  storehouse,  a dry  well,  or  even  an  old  cistern  in  the  ground,  when  prop- 
erly cleansed  and  fitted  up  in  accordance  with  the  principles  here  given,  will 
serve  as  a satisfactory  icehouse  for  many  years.  The  successful  icehouse  is  not 
necessarily  the  most  expensive  one.  In  southern  Virginia  a hole  dug  in  the  ground 
entirely  above  the  water  level  and  lined  with  native  clay  held  ice  satisfactorily 
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through  the  fall.  Its  only  covering  was  of 
leaves  and  pine  boughs.  This  was  the  type 
used  by  the  Romans  in  the  early  ages  to  pre- 
serve snow,  and  it  is  now  quite  common  in 
many  parts  of  this  Country. 

As  another  extreme  of  simple  construction, 
a farmer  in  New  York  state  built  four  walls 
of  a single  thickness  of  board  supported  by 
upright  green  poles  freshly  cut  from  the  woods. 
He  filled  it  with  ice  surrounded  by  a foot  of 
sawdust,  using  a layer  of  sawdust  for  a floor 
and  another  layer  for  covering.  It  had  no 
roof,  doors,  nor  windows,  and  the  ice  kept  all 
summer  without  much  waste.  This  type  is  now 
being  suggested  to  the  natural-ice  dealers. 
Secret  of  keeping  ice.  It  is  obvious  from 
these  two  examples  that  building  material,  whether  wood,  earth,  stone,  brick, 
or  concrete,  may  not  be  the  deciding  factor  in  the  keeping  of  ice.  The  secret 
is  in  the  strict  observance  of  four  principles  all  of  which  finally  reduce  to 
one,  namely,  good  insulation.  First,  there  must  be  good  under-drainage  to 
carry  off  the  melted  ice,  otherwise  it  would  form  a conductor  of  heat  to  the 
remainder  of  the  ice  stored,  and  would  gradually  melt  it  from  underneath. 
Water  melts  ice  much  faster  than  air,  for  the  latter  merely  affects  the  surface 
while  the  former  penetrates  throughout.  Second,  there  must  be  perfect  ventila- 
tion at  the  top  of  the  ice  in  order  that  the  covering  of  sawdust,  straw,  hay,  moss, 
or  leaves  may  be  kept  as  dry  as  possible  so  that  it  will  not  form  a conductor 
for  the  heat  from  the  air  and  melt  the  ice  on  top.  Third,  the  ice  must  be 
packed  so  as  to  prevent  the  circulation  of  air  through  the  mass,  for  there  is 
certain  to  be  some  heated  air  enter  into  the  house  when  the  doors,  windows, 
ventilators,  or  top  are  opened.  These  currents  of  air  rapidly  warm  up,  while 
dead  air  does  not  readily  become  heated  because  of  the  fact  that  air  is  a very 
poor  conductor  of  heat.  Fourth,  good  insulation  at  the  sides  and  bottom  must 
De  carefully  provided. 

Size  and  capacity  of  house.  The  size  of  the  house  needed  may  be  determined 
from  the  fact  that  a ton  of  stored  ice  occupies  approximately  42  cubic  feet  of 
space.  The  average  size  of  house  for  a small  farm  is  about  10  feet  high  from  the 
ground  to  eaves,  with  an  inside  area  12  by  14  feet.  After  allowing  for  the  space 
occupied  by  the  sawdust  around  and  under  the  ice,  this  will  give  room  for  the 
storage  of  from  25  to  28  tons  of  ice.  A cubic  foot  of  solid  ice  weighs  dose  to 
57$  pounds,  so  that  35  cubic  feet  would  weigh  a ton.  From  this  we  can  estimate 
the  amount  possible  to  cut  from  a pond.  The 
thickness  of  the  cakes  usually  cut  ranges 
from  6 inches  in  the  central  states  to  16  and 
even  20  inches  in  the  north;  probably  12  to 
14  inches  is  the  average.  The  cakes  are  cut 
in  various  sizes,  also;  perhaps  12  by  16  and 
16  by  16  are  common  sizes,  but  this  is  not 
important.  Assuming  cakes  12  inches  thick 
ana  12  by  16  inches,  there  will  be  26  of  them 
to  the  ton,  each  one  weighing  76$  pounds. 

In  the  field,  allowing  for  breakage  ana  waste, 
a surface  of  50  square  feet  will  harvest  at 
least  45,  and  possibly  50,  tons  of  12-inch  ice. 


Fig.  613.  By  building  the  icehouse  wholly 
or  partly  underground  both  its  first  cost  and  the 
loss  of  ice  by  melting  are  lessened. 


Fig.  612.  Concrete  blocks,  being  provided 
with  interior  dead-air  spaces,  make  an 
excellent  icehouse. 
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Care  of  the  ice  field.  The  essential  thing 
is  to  provide  for  clear,  clean  ice  of  sufficient 
thickness.  Before  the  water  freezes  it  must 
be  purified  as  far  as  possible.  Sources  of 
possible  pollution  must  be  removed,  all 
rubbish  taken  away  from  the  field  and 
branches  or  floating  logs  cleared  out.  These 


factors  carefully  looked  after  will  insure  clean 
ice.  Motion  of  the  water  during  freezing 
not  only  expels  the  air  but  also  promotes 
the  growth  m thickness.  By  expelling  the 
air  the  ice  is  made  clear,  and  sometimes 
- it  is  desirable  to  in- 

duce a gentle  current 
all  through  the  field 
during  ice-making 
weather  for  this  pur- 
pose as  well  as  for 
the  additional  thick- 
ness gained.  The 
method  of  doing  this 
in  the  case  of  land- 

F1c.614.  Renwvingsnpw  locked  ponds  is  to 
with  a acnper  before  cutting  pro^e*^  outlet 

which  must  be  readi- 
ly controlled,  as  too  rapid  or  violent  motion 
will  retard  the  growth  of  ice. 

After  freezing  has  taken  place  the  watch- 
fulness of  the  farmer  is  properly  directed 
toward  increasing  the  thickness  of  the  ice 
and  keeping  it  clean.  The  handling  of  snow 
is  important.  Except  in  warm  weather,  snow 
should  be  removed  as  soon  as  possible,  as  it 
prevents  the  escape  of  heat  from  the  water 
and  thus  retards  growth  of  the  ice.  In  soft 
weather,  however,  the  snow  is  desirable  to 
act  as  a blanket  in  shielding  the  water  and 
ice  from  the  heat  of  the  sun.  In  case  of 
rain,  also,  the  heat  of  the  rain  is  largely  used 
in  melting  the  snow  and  thus  does  not  affect 
the  ice  so  much. 

Clearing  off  snow.  After  a thaw  the 
snow  and  water  on  top  of  the  ice  freeze  and 
form  a porous  cloudy  layer.  If  not  too 
thick  ana  it  is  near  the  cutting  time,  this 
layer  is  not  altogether  a detriment.  It  de- 
tracts from  the  quality  of  the  ice,  to  be  sure, 
but  it  makes  the  handling  of  the  ice  easier. 
It  prevents  breakage  of  cakes  in  packing 
either  for  storage  or  m shipment. 

For  removal  of  snow  when  desired,  there 
are  two  main  methods. 


Crop 


Fig.  616.  Hand  tools  for  ice  harvesting:  a,  tapping 
axe;  b,  tongs;  e,  trimmer  bar;  d,  saw;  e,  saw  for  “breaking 
out;"  f,  ice  book;  4 bar  for  “breaking  out**;  k*  splitting 
chisel;  s,  ice  auger;  j,  grapple  iron. 

10  feet  holes  are  cut  in  the  ice  through  which 
water  rises  and  floods  off  the  snow  by 
melting.  Then,  as  the  ice  thickens,  the  snow 
ice  which  may  be  formed  is  planed  off  if 
necessary. 

Tapping  the  ice.  Continued  soft  weather 
or  a thaw  during  the  growth  of  the  ice  is 
one  of  the  serious  times  with  an  ice  field. 
If  water  washes  on  to  the  ice,  it  must  be  re- 
moved at  once,  and  usually  the  only  way 
possible  is  by  tapping  holes  in  a number  of 
places  so  that  the  water  will  flow  off  and  the 
ice,  being  lighter,  will  be  raised.  It  is  not 
worth  while  doing  this  if  only  an  inch  or  two 
of  water  stands  on  top,  as  this  may  be  allowed 
to  freeze  and  may  then  be  planed  off. 

Harvesting  the  ice.  The  first  move  is  to 
inspect  the  field  thoroughly  and  mark  all 
shallow  or  dangerous  places.  The  field  is 
then  laid  out  with  a marker,  which  is  really 
a hand  plow  made  to  cut  a light  groove  along 
the  line.  The  horse  plow  is  set  in  the  groove 
and  run  back  and  forth  until  the  ice  is  cut 
more  than  half  through.  This  is  done  with 
all  lines  in  one  direction  and  then  with  all 
lines  in  the  other,  the  pond  being  thus  cut  into 
squares. 
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The  next  move  is  to  open  a channel  by 
deeply  plowing  the  groove  on  either  side 
and  sawing  through  completely  with  an  ice 
saw.  This  channel  section  is  then  split  into 
cakes  which  are  usually  pushed  under  the 
remaining  ice  in  large  ponds  to  open  up  the 
field  quickly.  In  small  ponds,  however, 
they  may  be  floated  to  shore  and  stored. 

With  an  open  channel  to  shore,  sections  of 
perhaps  100  squares  are  sawed  off  and  floated, 
the  sections  being  split  into  cakes  just  before 
being  pulled  out  of  the  water.  These  floats, 
however,  must  not  be  left  too  long,  as  the 
grooves  will  flood  and  freeze  up. 

Tools  required.  A field  planer,  ice  auger, 
tapping  axe,  snow  scraper,  marker,  horse 
plow,  ice  saw,  breaking  bar,  splitting  chisel 


ice  hooks,  trimmer  bar,  ice  adze,  several 
grapples,  loading  tongs,  and  packing  chisel 
constitute  a reasonably  full  and  quite  inex- 
pensive equipment  for  the  proper  handling 
of  any  considerable  quantity  of  ice.  For  a 
very  small  field  it  is  possible  to  do  without 
most  of  these  tools.  Hoes  and  scoops  or 
shovels  may  be  substituted  for  the  planer 
and  scraper.  A hand  marker  and  an  ice 
saw  will  cut  the  field  up.  A pair  of  tongs 
will  lift  each  cake  out  and  carry  it  to  the  drag 
or  the  incline  leading  to  the  house  and  an 
ordinary  axe  will  trim  the  cakes.  Use  of  the 
tools  mentioned  above  save  time  and  labor, 
especially  the  former,  which  is  of  real  im- 
portance in  harvesting  during  uncertain 
weather. 


Building  the  Ice  House 

Material  of  building.  Having  determined  upon  the  size  of  house  and  the 
outlay  of  money  that  can  be  afforded,  it  remains  to  determine  the  material  to 
be  used  and  the  plan  to  be  followed.  Beyond  any  reasonable  doubt  wood  is 
better  in  many  ways  than  stone,  brick,  or  concrete  for  icehouse  construction, 
although  any  of  these  may  be  used  with  satisfaction  if  the  ice  is  packed  far  from 
the  walls  and  well  insulated  from  them  by  10  or  12  inches  of  sawdust.  The  only 
objection  to  wood  which  any  one  can  have  is  its  tendency  to  rot  under  the  con- 
tinued influence  of  moisture  inside  and  dryness  outside.  For  this  reason  cypress 
is  to  be  highly  recommended  as  a serviceable  wood,  although  pine  will  last  for 
some  years  and  is  quite  generally  used. 


Underdrainage  and  foundation.  For  a 
foundation  concrete  is  best,  all  things  con- 
sidered. Let  it  go  into  the  ground  below 
the  frost  line  and  extend  a foot  above  ground, 
to  keep  the  sills  dry.  Unless  the  soil  is 
well  drained,  there  should  be  a main  ditch 
with  side  branches  cut  in  the  floor,  covering 
the  whole  space  below  the  ice,  the  main  ditch 
leading  out  on  the  lower  side.  Fill  the  ditches 
with  broken  stone,  crockery,  brick,  or  clink- 
ers, and  spread  a thin  layer  over  the  whole 
floor.  On  top  of  the  stone  place  a layer  of 
straw  covered  with  a thickness  of  coal  ashes. 
On  top  of  the  ashes  may  be  placed  floor 
boards  with  cracks  between  them  to  allow 
free  drainage  of  the  water  from  the  melted 
ice.  More  often,  however,  the  boards  are 


Pig.  617.  The  ice  is  cut  about  half  way  through  into 
blocks.  These  are  split  apart,  floated  to  shore  and  loaded 
udoo  sleds  or  stored  in  an  icehouse  if  near  by. 


dispensed  with  and  an  8-  or  10-inch  layer  of 
sawdust  put  directly  on  the  ashes,  the  ice 
being  packed  on  that. 

Side  walls  and  insulation.  The  walls 
may  be  either  single  or  double,  and  should 
be  built  with  matched  boards  or  papered 
with  tarred  roofing  paper.  I would  recom- 
mend both.  The  paper  is  cheap,  costing 
$4.50  to  $5  for  a 500-foot  roll,  so  that  it  does 
not  add  much  to  the  cost  of  the  work,  while 
it  certainly  gives  a much  better  house.  If  the 
single  walls  are  papered  the  papering  should 
be  on  the  outside,  of  course,  while  if  the  build- 
ing is  made  with  double  walls  the  papering 
should  be  on  the  sides  within  the  air  space. 
Double  walls  are  much  better  for  insulation, 
and  may  easily  be  made  by  nailing  the  boards 
on  both  sides  of  the  2 by  4 joists  used  as  up- 
rights. This  leaves  a 4-inch  dead  air  space 
between  the  walls,  which  should  not  be  filled 
with  sawdust  nor  with  anything  else.  The 
best  insulator  is  dead  air,  and  the  purpose  of 
sawdust,  felt,  wool,  shavings,  and  such  sub- 
stances is  merely  to  keep  the  air  dead— that 
is,  these  substances  prevent  circulation  of 
air  by  catching  small  quantities  in  the  spaces 
between  the  particles.  The  use  of  these  sub- 
stances is  not  to  be  recommended,  either  in 
icehouses  between  walls  or  in  the  walls  of 
cold-storage  boxes.  In  either  case  the  filling 
would  become  damp  and  remain  so,  thus 
rotting  the  construction  from  the  inside.  In 
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cold-storage  boxes  it  will  also  absorb  and  re- 
tain odors,  making  the  box  unfit  for  holding 
eatable  produce.  Furthermore,  when  damp, 
such  fillings  are  reasonably  good  heat  con- 
ductors. 

“Pocketing”  the  air.  In  the  air  space  be- 
tween the  boards,  in  the  icehouse  construc- 
tion, every  3 or  4 feet  up  there  should  be  a 
strip  of  tarred  paper  tacked,  to  form  a hori- 
zontal partition,  thus  preventing  any  up  and 
down  circulation  of  the  air.  The  result  of 
this  construction  is  that  the  ice  is  surrounded 
by  walls  consisting  of  a large  number  of 
boxes  containing  dead  air.  These  boxes 
will  be  from  3 to  4 feet  square  and  4 inches 
thick— the  thickness  of  the  air  space. 

House  sills.  The  sills  of  the  house  should 
be  laid  directly  on  the  concrete  foundation 
and  in  dose  union  with  the  concrete,  to  pre- 
vent “entrance  of  the  air  between  them.  In 
my  experience  it  has  been  found  desirable 
to  lav  a coating  of  tar  or  asphalt  on  the 
foundation  walls  and  on  this  put  the  sills, 
thus  making  an  air-tight  job.  There  must 
be  no  entrance  of  air  underneath  the  ice. 
It  is  true  that  a small  amount  will  enter 
through  the  drain,  if  the  latter  is  not  trapped, 
but  this  is  not  sufficient  to  do  any  harm.  In 


a commercial  icehouse  of  large  size,  however, 
the  drain  should  be  of  tile  and  trapped  as  it 
comes  from  under  the  icehouse.  Preferably, 
too,  there  is  a drain  around  the  foundation  on 
the  outside,  both  of  the  drains  being  brought 
together  and  led  away  to  a lower  level. 

Roof  and  ventilation.  The  roof  for  a 
small  building  may  be  of  almost  any  material 
to  shed  the  rain,  keep  off  the  sun,  and  pro- 
vide good  ventilation.  The  latter  feature 
is  the  most  important  one  in  connection  with 
building  the  house.  The  ventilators  should 
be  dosable  and  kept  dosed  on  foggy  days 
and  nights.  For  this  reason  trapncloors  on 
the  sides  and  roof  are  preferable.  The  roof 
should  be  a V-shaped  or  hipped  roof,  with 
trap-doors  at  each  end  and  at  the  ridge. 
Near  the  top  of  each  end  wall  arrange  a small 
door.  Each  fine,  dry  day  open  one  of  these 
doors  and  the  opposite  trap,  so  that  the  air 
may  circulate  freely  and  keep  the  top  dress- 
ing or  covering  of  sawdust  dry.  This  top 
dressing  should  not  be  too  thick,  the  practice 
being  to  have  it  from  8 to  12  inches.  The 
dressing  must  be  looked  after  and  kept  dry 
at  any  cost.  It  will  be  found  helpful,  al- 
though troublesome,  to  divide  the  top  layer 
of  sawdust  by  a thick  layer  of  newspaper. 


Packing  and  Keeping  the  Ice 

Packing  the  ice.  In  packing,  the  first  layer  is  commonly  placed  on  edge 
rather  than  laid  flat.  There  is  no  less  wasting  that  way,  for,  although  each  cake 
wastes  less,  there  are  more  cakes  on  the  floor.  Sometimes  this  plan  is  followed 

throughout,  the  advantage  being  that 


Fig.  618.  Section  through  a small,  wooden  farm  ice- 
house, showing  sawdust  insulation,  drain  for  carrying 
off  moisture,  and  ventilator  openings  for  letting  out  the 
warm  air. 


in  breaking  the  ice  out  there  is  less 
adhering  surface  between  the  cakes. 
It  is  harder  to  pack  this  way,  however, 
and  the  liability  to  undue  side-wall 
pressure  is  greater.  At  least  every 
third  layer,  no  matter  how  packed, 
should  be  laid  so  as  to  break  the  joints 
of  the  previous  layer  that  there  may  be 
no  circulation  through  the  mass.  The 
packing  can  be  done  up  to  within  6 
inches  of  the  side  walls  if  a double  wall 
is  used,  and  up  to  within  8 or  10  inches 
with  a single  wooden  side.  As  already 
stated,  if  concrete,  stone,  or  brick  be 
used,  there  should  be  from  10  to  12 
inches  left  around  the  sides.  In  every 
case  the  space  left  should  be  filled  with 
sawdust  lightly  tamped  into  place,  but 
not  rammed  tightly.  Hard  tamping 
forces  the  sawdust  down  so  solidly  as  to 
remove  most  of  the  air,  while  light  tamp- 
ing keeps  the  mass  porous  but  yet  held 
together  tightly  enough  to  retain  the 
air  and  prevent  its  escape  or  circulation. 
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Finally,  it  should  be  said  that  the  cakes  must  be  cut  as  true  as  possible,  and 
no  small  pieces  or  broken  cakes  should  be  allowed  to  enter  the  house.  The  ice 
should  be  packed  in  freezing  weather,  so  that  the  cakes  will  be  dry  and  not  freeze 
together  in  the  house.  Each  cake  should  be  kept  an  inch  or  an  inch  and  a half 
from  its  neighbor  on  every  side.  Some  ice  dealers  and  others  make  a practice 
of  filling  this  space  between  cakes  with  snow  or  broken  ice  so  as  to  further  prevent 
circulation  of  air  through  the  ice.  This  has  many  advantages.  It  makes  really 
a huge  solid  cake  of  ice  m the  icehouse  but  by  reason  of  the  weakness  of  the  joints, 
it  makes  "breaking  out”  of  cakes  comparatively  easy. 

Care  of  crop  when  stored.  Whenever  the  icehouse  is  entered,  warm  air  is 
necessarily  admitted  as  the  doors  are  open.  The  ventilators  should  then  be  open 
as  the  warm  air  will  cause  vapor  to  collect  above  the  ice,  and  this  should  be  per- 
mitted to  escape  at  once.  The  dressing  on  the  top  will  need  occasional  attention,  as 
it  must  he  kept  dry.  Drains  should  be  inspected,  to  see  that  they  are  not  clogged. 

“Breaking  out”  the  ice.  As  the  ice  is  removed,  the  top  dressing  should  be 
kept  in  place.  It  is  usually  a good  plan  to  take  cakes  from  a number  of  layers 
at  one  time,  the  courses  or  layers  being  kept  in  a sort  of  a steplike  series  of  tiers, 
the  top  tier  being  worked  back  the  farthest,  the  next  layer  not  so  far,  and  the 
third  still  less.  This  allows  greater  ease  of  operation  in  every  way.  The  cakes 
are  usually  pried  out  by  a bent  bar  and  separated  from  adjacent  cakes  of  the  same 
tier  by  a long-handled  chisel,  both  tools  being  specially  made  for  such  purposes. 
Occasionally  it  is  necessary  to  use  a saw  to  separate  the  cakes  at  the  sides.  A 
special  pointed  saw  is  designed  for  this  purpose. 


Cold-Storage  Houses  for  the  Farm 

Advantage  of  cold  storage.  Most  progressive  farmers  have  learned  the  value 
of  the  individual  icehouse  on  the  farm,  yet  many  have  not  realized  that  the  most 
economical  way  of  using  the  ice  cannot  be  developed  without  a properly  con- 
structed cold-storage  chamber.  Creamery  and  cooperative  cold-storage  cham- 
bers are  now  quite  common,  and  their  importance  is  realized.  As  the  farmer 
observes  than  in  use  for  commercial  purposes  he  will  undoubtedly  come  to 
appreciate  the  value  to  him  of  a similar  house  at  home  built  on  a smaller  scale. 


Pig.  619.  Section  of  a combination  ice-  and  cold- 
storage  house  for  the  farm.  The  slope  of  the  floor  of 
the  ice  chamber  is  exaggerated  here;  it  should  be  merely 
enough  to  carry  the  water  into  the  gutter.  Note  the 
double  walls,  floor  and  ceiling  and  the  provisions  for 
ventilation  and  the  escape  of  warm  air. 


The  great  advantage  of  cold  storage  lies 
in  the  fact  that  produce  need  not  be 
shipped  to  market  immediately,  but 
can  wait  a favorable  time  and  a favor- 
able market.  Especially  is  this  true  of 
fruit  crops,  where  the  market  is  apt  to 
be  glutted  during  the  usual  delivery 
season,  and  a hold-back  for  a few  weeks 
will  help  to  equalize  the  supply.  What 
is  true  of  market  shipments  is  equally 
true  of  meat  and  produce  for  home  con- 
sumption. Purchases  may  be  made  at 
a favorable  time  and  in  considerable 
quantity.  The  produce  raised  on  the 
farm  for  home  use  can  be  held  over  a 
longer  period  and  waste  more  nearly 
eliminated. 

Insulation.  The  details  of  construction 
may,  as  in  the  case  of  the  icehouse,  be 
widely  varied  to  suit  particular  needs.  There 
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are  certain  funda- 
mental principles 
which  can  be  laid 
down  for  guidance, 
however,  dose  ad- 
herence to  which 
will  mean  success  in 
construction.  Satis- 
factory insulation 
can  be  obtained 
through  the  use  of 
double  walls  for  the 
cold-storage  cham- 
ber, in  this  way  pro- 
viding a dead  air 
space  between  the 
walls,  as  that  is  the 
best  form  of  protection.  As  the  air  within  the 
space  must  be  dead  air,  the  walls  must  be  air- 
tight to  give  satisfaction.  There  are  many 
other  ways  of  insulating,  as  by  filling  the  space 
between  walls  with  some  so-called  “non-con- 
ducting” substances,  such  as  the  following, 
which  are  named  in  the  order  of  their  desir- 
ability: hair  felt,  slag  wool,  wood  ashes, 
chopped  straw,  charcoal,  cork,  and  others. 
The  insulating  properties  of  these  substances 
are  largely  owing  to  the  fact  that  they  endose 
in  the  tiny  spaces  between  their  individual 
partides  small  amounts  of  dead  air  which  can- 
not escape.  That  air  is  the  insulator.  For  this 
reason  the  substances  cannot  be  packed  solid, 
and  they  should  be  tamped  lightly  into  place 
rather  than  rammed  hard.  For  cold-storage 
work  it  should  be  borne  in  mind  that  there 
is  more  to  be  considered  than  merely  keeping 
the  products.  They  must  be  kept  properly 
and  untainted.  Something  must  be  chosen 
for  insulation  which  does  not  readily  absorb 
moisture  and  odors.  There  is  no  one  sub- 
stance which  does  not  do  this  to  some  ex- 
tent. If  the  building  can  be  built  with 
matched  boards  and  the  dead-air  space  lined 
with  tarred  paper,  the  space  need  not  be 
filled  with  anything.  In  fact,  a filling  would 
be  a decided  detriment.  Absolutely  dead 
air  is  essential,  however. 


Detrimental  effects  of  dampness.  Mois- 
ture has  the  property  of  absorbing  many 
gases  and  impurities  from  the  stores,  so 
that  it  is  very  desirable  that  the  air  in  the 
food  chamber  be  kept  as  dry  as  possible 
and  that  the  moisture  which  it  does  take 
up  be  removed.  In  this  way  the  air  may  be 
purified.  The  way  in  which  this  is  accom- 
plished is  by  providing  proper  circulation  of 
the  air  in  the  storage  chamber,  thus  cooling 
the  stores  by  circulation  of  the  cold  air  in 
contact  with  them  rather  than  by  radiation. 
Unless  cooling  is  done  in  this  way,  the  mois- 
ture which  the  air  contains  will  be  deposited 
on  the  stores  and  not  on  the  ice.  This, 
of  course,  will  cause  some  of  the  packed  ma- 
terial to  become  tainted. 

Circulation  of  air.  To  secure  a good  cir- 
culation in  the  storage  chamber  it  is  only 


necessary  to  appreciate  the  fact  that  cold 
air  falls  and  warm  air  rises.  All  that  needs 
to  be  looked  out  for  is  to  have  the  icebox 
above  the  level  of  the  storage-space  floors 
and  to  introduce  the  cold  air  at  the  bottom 
of  the  storage  space  and  provide  an  outlet 
and  return  at  the  top  of  the  chamber,  to 
allow  the  heated  air  to  go  back  to  be  cooled 
and  deprived  of  its  moisture.  For  a small 
chamber  it  will  be  satisfactory  if  the  cold 
air  is  allowed  to  enter  all  along  the  lower  edge 
and  the  warm  air  taken  out  at  the  upper  and 
diagonally  opposite  edge.  This  will  make  it 
necessary  for  the  air  to  cross  and  circulate 
all  through  the  storage  space  before  reach- 
ing the  outlet.  In  a larger  cham- 
ber, the  cold  air  could  be  introduced 
at  the  centre  of  the  floor  and  taken 
out  at  each  of  the  upper  side  edges. 
In  a still  larger  room,  the  cold  air 
may  be  introduced  along  two  side 
edges  at  the  bottom  and  allowed 
to  pass  out  through  two  side  edges 
at  the  top.  Shields  or  deflectors, 
which  may  be  made  of  wood  paint- 
ed with  enamel,  should  be  placed 
so  as  to  prevent  the  cold  air,  as  it 
warms  up,  going  from  the  inlet 
directly  to  tne  outlet  without  cir- 
culating through  the  room.  These 
deflectors  should  slope  from  the 
bottom  upward  and  be  placed 
just  over  the  cold-air  inlets,  so 
that  as  the  cold  air  warms  it  will 


Fig.  621.  Lengthwise  section  through  the  same  house  which  is  coded 
by  brine  and  constructed  as  part  of  a small  slaughter  bouse. 
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rise  along  the  deflectors  toward  the  outlet. 
Care  must  be  taken  not  to  place  the  deflec- 
tors so  as  to  pocket  any  warm  air — that  is, 
they  should  not  be  made  so  that  any  body  of 
warm  air  will  be  caught  in  an  upper  corner 
and  have  to  go  downward  to  escape.  De- 
fectors are  necessary  only  where  the  outlet 


is  nearly  over  the  inlet  and  a path  from  one 
to  the  other  does  not  lead  through  or  near 
the  centre  of  the  storage  space. 

Ventilation.  Ventilation  is  essential,  but, 
except  in  very  large  rooms,  it  is  satisfactorily 
taken  care  of  by  the  opening  and  closing  of 
the  entrance  door. 


Types  of  cold-storage  houses.  The  usual  cold-storage  house  is  a 2-story 
affair  with  the  icebox  on  the  second  floor  and  the  storage  chamber  below.  Flues 
are  provided  to  admit  the  descending  cold  air  at  the  bottom  of  the  storage  cham- 
ber, and  to  take  out  the  warm  ascending  air  from  the  top.  The  water  from  the 
melting  ice  is  carried  away  in  drains  which  must  be  carefully  trapped  and  sealed 
as  in  the  case  of  the  icehouse. 

The  cold-storage  house  can  be  built  like  the  .icehouse,  described  above,  as  to 
foundations,  walls,  and  roof.  A solid  foundation  is  essential  with  strong  floor 
beams  and  posts.  The  walls  and  floor  should  be  double  with  an  air  space  to 
provide  insulation.  The  top  ceiling  should  also  be  double.  There  should  be  a 
Ventilator  in  the  roof  and  a controlled  opening  through  the  ceiling  of  the  icebox. 

Temperature  maintained.  Usually  the  temperature  best  adapted  for  storage 
purposes  is  one  of  from  4 to  10  degrees  above  freezing.  The  lower  temperatures, 
34  to  36  degrees,  are  generally  used,  but  some  fruits  do  better  at  a little  higher 
temperature.  For  freezing  meats  and  poultry,  temperatures  much  below  32 
degrees  must,  of  course,  be  maintained.  This  is  done  by  means  of  a salt  refriger- 
ating tank. 


Refrigerating  tank.  In  place  of  the  ice- 
box, a water-tight  sheet-metal  tank  is  used. 
The  tank  must  be  fairly  large,  in  order  to 
have  a large  radiating  surface.  There  should 
be  about  4 square  feet  of  radiating  surface 
to  25  cubic  feet  of  cold  storage  space.  A 
drain  is  arranged  for  the  tank,  the  bottom 
being  sloped  toward  the  drain,  to  allow  the 
water  to  run  off.  As  moisture  will  condense 
on  the  surface  of  the  tank,  provision  must  be 
made  to  drain  the  floor  below.  Usually  a 
tray  or  pan  is  placed  below.  The  tank 
is  usually  placed  right  in  the  cold-storage 
room,  raised  well  above  the  floor.  It  is 


Now,  in  the  case  of  the  ammonia,  if  the  ex- 
pansion coils  be  placed  in  brine,  the  heat  will 
be  abstracted  from  the  brine  and  pans  of 

Eure  water  placed  in  the  brine  will  be  frozen. 

I the  coil  be  placed  in  a cold-storage  cham- 
ber, the  temperature  of  the  chamber  will  be 
lowered  and  kept  lowered  as  long  as  the 
process  continues.  The  ammonia  gas  is  with- 
drawn from  the  expansion  coils,  compressed, 
and  released  again  and,  with  a slight  leakage, 
is  used  over  and  over  again. 

The  process  described  is  not  always  fol- 
lowed out  in  every  detail,  but  is  typical  of 
artificial  methods. 


regularly  supplied  with  ice  and  salt  and, 
properly  cared  for,  will  maintain  a zero 
temperature. 

Artificial  refrigeration.  There  are  numer- 
ous machines  on  the  market  for  maintaining 
a low  temperature  without  the  use  of  ice. 
The  method  used  is  scientific.  Ammonia, 
which  is  naturally  a gas,  is  very  highly  com- 
pressed, its  temperature  lowered,  and  the 
ammonia  liquefied.  The  liquid  is  allowed 
to  escape  through  a tiny  valve  into  expan- 
sion coils  and,  being  relieved  from  pressure, 
it  vaporizes  again  into  a gas.  This  requires 
heat,  just  as  when  water  is  boiled.  The  heat 
is  supplied  to  the  ammonia  from  the  sur- 
rounding objects  and  they  become  colder 
and  colder  as  the  process  continues.  This 
action  is  like  that  of  any  vaporizing  liquid. 
If  alcohol  be  dropped  on  the  hand,  the  hand 
becomes  cold  as  the  alcohol  vaporizes,  be- 
cause the  alcohol  abstracts  the  heat  from 
the  hand  causing  vaporization  to  take  place. 


Storage  without  ice.  Root  and  fruit 
cellars  are  quite  common  in  all  parts  of  the 
country.  A cave  in  the  side  of  a hill  is  com- 
monly used  in  New  England  for  a potato 
cellar  and,  in  southern  Europe,  similar  caves 
in  the  mountain-sides  have  been  used  for  the 
storage  of  oranges.  The  essentials  of  such 
cellars  are  dryness  and  proper  ventilation. 
Dampness  always  promotes  decay,  and  lack 
of  ventilation  will  frequently  result  in  sweat- 


ing. The  sweating  of 
fruit  and  vegetables  fjm — 
uponsudden  removal 
from  such  a cellar  or 
from  cold  storage, 
always  takes  place, 
and  the  moisture 

formed  must  be  re-  ' 

moved  before  pack- 
ing the  produce  for  Fig.  623.  The  essentials 
sale.  TO  prevent  office!**  cold  storage^ cellar 
are  dryness  and  sufficient 
sweating,  bnng  the  ventilation. 
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temperature  of  the  produce  gradually  to  the 
temperature  of  the  outside  air. 

For  indoor  storage  of  root  crops,  a sand 
covering  is  very  successful.  A dry  floor  is 
essentuu.  A layer  of  sand  is  spread  and 
then  the  roots  are  spread  in  layers,  each  layer 
being  covered  with  sand.  The  storage  space 
must  be  kept  ventilated.  In  place  of  sand, 
sawdust,  hay,  excelsior  and  sometimes  lime 
is  employed.  The  whole  object  is  to  keep 
air  away  from  the  fruits  or  vegetables  so 
stored.  Keep  the  air  away,  keep  the  produce 
dry,  have  good  ventilation  to  prevent  sweat- 
ing, and  a considerable  degree  of  success  is 
certain. 

Packing  stores.  The  packing  of  stores  in 
cold  storage  is  a science  in  itself  and  can 
be  learned  only  by  experience.  One  general 


rule,  however,  is  of  value  and  will  take  care 
of  most  difficulties,  namely:  pack  the  stores 
fairly  close  together  and  leave  a space  be- 
tween them  and  the  walls  so  as  to  allow  a 
path  for  the  circulating  air.  Never  pack  up 
close  to  the  walls. 

Duration  of  cold  storage.  It  is  difficult 
to  give  more  than  a general  idea  of  the  length 
of  time  for  which  any  specific  produce  may 
be  kept  economically  and  profitably.  This 
depends  greatly  on  local  conditions.  Meats 
and  fowl  can  be  kept  for  16  or  20  davs  and, 
when  frozen,  are,  of  course,  frequently  kept 
longer.  Butter  and  eggs,  cabbage,  turnips, 
potatoes,  etc.,  may  be  kept  for  months.  Most 
fruits  will  keep  a month;  grapes,  pears,  water- 
melon and  citrus  will  keep  very  much  longer; 
and  apples  will  keep  six  months. 


Fig.  624.  Not  a bomb-proof  shelter,  but  an  earth- 
covered  potato  cellar.  Note  the  open  ventilators;  there 
is  a similar  set  on  the  other  side  which  can  be  opened 
when  the  wind  is  from  the  side  opposite  to  them. 
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CHAPTER  38 

Silos:  How  to  Build  and  Use  Them 

By  J.  Kelly  Wright,  who  for  8 years  has  been  connected  with  the  Missouri  State  Board 
of  Agriculture  in  the  capacity  of  Lecturer . During  this  time  he  has  made  a special  study  of  silo 
types  and  uses , especially  with  reference  to  the  needs  of  the  average , practical  farmer . He  was  bom 
and  reared  on  a Missouri  farm , graduated  from  the  State  College  of  Agriculture , and  served  for  4 
years  as  School  Commissioner  of  Boone  County.  Among  the  many  developments  in  agricultural 
education,  which  his  farm  training  has  enabled  him  to  bring  about,  was  the  organisation  of  the 
first  boys*  com  show  held  in  his  state. — Editor. 

THE  silo  is  a container  in  which  to  store  or  "can”  certain  field  crops  in  order 
that  they  may  retain  their  feeding  value  and  succulence  (juiciness)  and 
be  relished  by  livestock.  Feeders  have  long  recognized  the  value  of  succulent 
feeds  such  as  green  grass.  Feed  stored  and  preserved  in  the  silo  is  called  ensilage, 
or  "silage.” 

Silage  is  not  a new  feed,  but  in  the  United  States  it  has  been  known  less  than 
50  years.  According  to  ancient  writers,  it  was  a common  practice  of  the  Greeks 
and  Romans  to  preserve  green  feed  and  even  grain  in  underground  pits.  This 
method  has  also  been  in  use  for  hundreds  of  years  in  northern  Europe  where  the 
uncertainty  of  the  weather  and  the  low  temperature  make  it  difficult  to  cure  hay. 
However,  it  attracted  little  attention  until  in  1877,  when  a French  farmer,  Goffart, 
published  a book  giving  the  results  of  25  years’  experience  in  preserving  green  feed 
m this  manner. 

The  first  silo  in  the  United  States  is  said  to  have  been  built  in  Michigan,  in 
1875,  by  Manly  Miles.  Not  long  after  this,  agricultural  experiment  stations  in 
America  began  to  make  feeding  experiments  with  silage  and  to  urge  the  building 
of  silos.  From  this  beginning  the  number  of  silos  has  increased  until  it  is  esti- 
mated that  by  1917  there  were  400,000  in  the  United  States. 

How  and  why  it  pays  to  use  a silo.  All  classes  of  livestock  feed  better  under 
summer  conditions  when  feed  is  plentiful,  succulent,  and  palatable,  and  surround- 
ings are  comfortable.  By  the  use  of 
a silo,  summer  conditions  can  more 
nearly  be  maintained  during  the  winter 
months.  Silage  is  the  best  cheap 
roughage.  It  can  be  fed  with  profit  to 
all  kinds  of  young,  growing  stock,  to 
mature  cattle  of  all  classes,  and,  under 
certain  conditions  to  other  grown  ani- 
mals. When  fed  as  a part  ration,  it  is 
good  for  fattening  lambs  and  for  breed- 
ing ewes.  It  is  also  a good  feed  for 
colts  and  horses  not  doing  heavy 
work,  and  has  been  fed  successfully 
to  fattening  mules.  As  a tonic  to 
keep  hogs  m good  condition  it  may 
well  be  fed  to  them  once  or  twice  a 
453 


Fig.  625.  The  sketch  at  the  top  of  this  page  shows  a 
hard,  wasteful,  unprofitable  way  to  feed  roughage.  How 
much  better  for  both  man  and  animals  to  feed  silage 
—with  or  without  grain — in  bunks,  in  a sheltered  yard, 
like  this! 
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'A  SILO  WITH  EVERY  BARN 

I WILL  KEEP  MORE  STOCK 

2-  INSURES  SUCCULENT  FEED 

WINTER  AND  SUMMER 

3-  SAVES  THE  WHOLE  CROP 

4* PREVENTS  WASTE  IN  FEEDING 

5- HELPS  UTILIZE  OTHER  FEEDS 
6* SAVES  STORAGE  SPACE 
7 -IS  FILLED  AT  SLACK  SEASON 

Fig.  626L  What  a tile  does  (International  Harvester 
Co.) 

feeders 
come  a 


week.  In  short,  all  stock  like  it  and 
no  better  feed  can  be  found  on  the 
general  farm. 

Silage  is  equally  invaluable  as  a 
summer  feed  when,  during  periods  of 
drought,  pastures  are  short  Its  use 
at  such  times  often  prevents  a de- 
crease in  the  flow  of  milk  from  the 
dairy  cow,  and  a loss  of  weight  in  the 
beef  animal.  Experienced  dairymen 
who  know  that  when  once  a marked 
drop  in  milk  production  takes  place,  it 
is  almost  impossible,  even  with  the 
best  feeding,  to  bring  a cow  back  to 
her  previous  high  production,  and 
of  beef  cattle  who  have  found  it  expensive  and  difficult  to  over- 
“slump”  in  weight  caused  by  scarcity  of  feed,  will  appreciate  what 
this  means. 

In  the  future  the  silo  is  sure  to  prove  a yet  more  important  factor  in  beef  pro- 
duction. The  great  ranges  of  the  West  are  being  cut  up  as  land  advances  in 
price;  instead  of  the  big,  coarse,  rough  steer  produced  on  cheap  land  and  fed  on 
cheap  grain  the  ranges  are  supplying  a smaller  steer  of  better  quality.  These 
conditions,  together  with  a great  shortage  of  the  world’s  meat  supply,  demand 
the  most  economical  handling  of  feeder,  stocker  and  breeding  cattle.  The  silo 
will  make  possible  such  a system. 

With  a silo  the  number  of  head  of  stock  that  could  otherwise  be  carried  per 
acre  can  be  doubled.  More  roughage  can  be  stored  in  less  space  and  fed  out  with 
less  labor.  Crops  can  be  harvested  and  stored  at  a season  when  farm  labor  is  not 
busy,  and  when  the  weather  is  good.  The  silage  can  often  be  fed  indoors  and  ex- 
posure to  weather  be  avoided;  and  even  though  it  is  fed  in  the  open,  the  sQo 
is  a far  better  place  to  have  kept  the  feed  than  a wet,  muddy,  snow-covered 
field  could  be.  On  many  a farm  the  silo  has  lessened  the  feed  and  labor  bill 
from  5 to  20  per  cent  and  at  the  same  time  has  made  life  more  pleasant  for  the 
farmer,  his  boys  and  his  hired  men. 

It  is  difficult  to  point  out  any  single  factor  that  alone  can  determine  whether 
or  not  a man  should  have  a silo.  Hence  it  is  difficult  to  say  just  how  small  a 
herd  of  dairy  or  beef  cattle  would  justify  one.  Few  good  dairymen  can  afford 
to  be  without  a silo.  Every  160-acre  farm  near  a market  for  dairy  products 
could  carry,  among  other  classes  of  livestock,  10  or  12  good  dairy  cows  and  on 
every  such  farm  a small  silo  would  pay. 

The  general  farmer  with  20  or  25 
head  of  cattle  and  horses  to  feed  can 
certainly  make  good  use  of  a silo;  the 
general  farmer  who  feeds  a car-load  or 
two  of  cattle  each  year  will  surely  find 
a silo  profitable  over  a series  of  years. 

Owners  of  some  of  the  larger  farms  of 
the  Com  Belt,  and  of  some  of  the  west- 
ern ranges,  find  25  or  more  silos  none 
too  many. 

The  larger  a man’s  acreage  in  pro- 
portion to  his  business  ability,  the  less 
use  he  can  make  of  a silo.  For  the 
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Fig.  627.  The  money  value  of  a silage  ration  as  coo  * 
pared  with  a straight  grain  ration  (International  Har 
vester  Co.) 
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larger  hir  acreage  the  greater  the  amount  of  roughage  at  hand;  and  the 
greater  the  amount  of  roughage,  the  more  of  it  a man  can  waste  without  seeing 
the  need  for  a silo. 


Fig.  628.  Why  do  this  of  a winter  morning  when  by 
filling  a silo  in  summer  you  can  feed  better  roughage,  under 
cover,  when  snow  flies? 


General  Principles  of  Silo  Construction 

Size  and  capacity.  The  height  of  a silo 
should  never  be  less  than  twice  its  diameter. 
The  taller  the  silo  is  in  proportion  to  its  diam- 
eter, the  more  silage  it  will  hold  for  the  reason 
that  a greater  weight  can  be  placed  on  any 
given  area  of  surface,  and  more  silage  can  be 
packed  into  it.  To  illustrate:  the  heights  of 
two  silos  of  equal  diameters,  one  12  feet  high, 
the  other  36  feet  high,  are  as  1 to  3;  but  the 
amounts  of  silage  that  they  will  hold  are 
about  as  1 to  5. 

The  diameter  of  a silo  should  be  deter- 
mined by  the  number  of  head  of  stock  to  be 
fed,  and  the  height  by  the  number  of  days  in 
the  feeding  period. 

On  warm  summer  days  the  silage  on  top, 
when  exposed  for  more  than  a day,  will  begin 
to  spoil;  it  therefore  is  necessary  at  such  times 
to  feed  off  from  the  top  from  1 to  2 inches  a 
day  in  order  to  keep  the  silage  fresh  and 
sweet.  It  will  readily  be  seen  that  if  the 
diameter  of  a silo  is  great  and  the  number  of 
head  of  stock  to  feed  is  small,  the  removal  of 
enough  silage  each  day  to  prevent  spoiling 
might  result  in  a waste  of  feed.  It  is  much 
better  to  have  two  small  silos  than  one  very 

CAPACITIES  OF  SILOS  OF  VARYING  SIZES  IN 
TONS 


INSIDE  DIAMETER  IN  FEET 

DEPTH  OF 


SILAGE 

(FEET) 

10 

12 

14 

16 

18 

25 

36 

52 

68 

96 

122 

28 

40 

61 

81 
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137 

30 

44 

68 

90 

115 

150 

82 

60 

72 

95 

126 

162 

34 

63 

77 

108 

142 

171 

36 

57 

82 

114 

158 
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large  one,  especially  when  the  number  of 
stock  is  small  and  the  feeding  period  long. 
Again,  if  two  small  silos  are  built  m preference 
to  one  large  one,  one  silo  can  be  left  undisturb- 
ed until  needed,  perhaps  for  summer  use  when 
pastures  are  short. 

The  number  of  pounds  of  silage  that  an 
animal  will  eat  in  a day  depends  largely  upon 
its  size;  for  mature  cattle  it  varies  from  26 
to  40  pounds.  Since  a mature  beef  animal 
will  eat  about  the  same  amount  of  silage  in  a 
day  as  a dairy  cow  of  the  same  size,  the  ac- 
companying tables  (from  Bulletin  103  of  the 
Missouri  Experiment  Station)  are  of  value 
generally. 

After  knowing  the  capacities  of  silos  of 
various  sizes  ana  the  length  of  time  the  silage 
in  each  will  last  with  a given  number  of  ani- 
mals to  feed,  the  next  question  is  the  number 
of  acres  of  corn  required  to  fill  a silo  of  given 
dimensions.  The  following  figures  show  the 
average  amounts  of  silage  that  an  acre  of 
com  will  make: 


Com  making  30  bushels  per  acre  6 tons 
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Thus  a silo  14  x 30  feet  will  hold  about  100 
tons  of  silage  which  will  feed  25  head  of  cattle 
about  180  days;  to  fill  it  will  require  about 
10  acres  of  com  averaging  50  bushels  to  the 
acre. 

Shape.  Experience  has  shown  that  round 
silos  or  those  nearly  round  are  rather  to  be 
recommended  than  “square”  or  even  6-sided 
ones.  Silage  can  settle  and  pack  more  closely 
around  the  wall  of  a round  suo  with  the  inside 
wall  smooth  and  straight  and  such  a silo  can 
more  easily  be  reinforced  to  resist  the  pressure 
of  the  silage.  A few  farmers,  however,  have 
filled  square-cornered,  strongly-built  bins  or 
granaries  with  green  feed,  particularly  corn, 
and  in  some  instances  have  produced  a fair 
silage. 
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RELATION  OF  SIZE  OF  SILO  TO  LENGTH  OF  FEEDING  PERIOD  AND  SMR  OF  HERD 


180-day  feeding  period 

240-DAY  FEEDING  PERIOD 

NUMBER 

ESTIMATED 

SIZE  OF  SILO 

ESTIMATED 

SIZE  OF  SILO 

OF  COWS 
IN  HERD 

SILAGE 

CONSUMED 

(Tons) 

(Feet) 

SILAGE 

CONSUMED 

(Tone) 

(Feet) 

DIAMETER 

HEIGBT 
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Construction  details.  There  are  just  two 
things  that  cause  silage  to  spoil:  (1)  if  the  air 
gets  to  it,  it  will  rot;  and  (2)  if  it  becomes  too 
dry  it  will  mold.  For  these  two  reasons  the 
wall  of  the  silo  must  be  tight  enough  to  prac- 
tically keep  out  the  air  and  prevent  the  escape 
of  moisture.  In  other  words,  the  silo  must 
be  “almost  air-tight.”  Control  the  two  factors, 
air  content  and  water  content,  and  it  makes 
little  difference  as  to  what  the  silo  is  made  of. 


-bo  far  as  its  ability  to  keep  silage  is  concerned. 
Tt  is  not  enough,  however,  for  the  silo  to 
keep  air  from  and  retain  moisture  in  the  silage. 
It  must  be  strong  enough  to  resist  the  pressure 
of  the  silage,  not  for  one  year,  but  for  several; 
it  must  be  solid  and  rigid  enough  to  maintain 
its  shape  and  efficiency  for  a long  time;  and  it 
must  have  weight  and  durability  enough  to 
withstand  the  action  of  wind  and  weather,  es- 
pecially when  empty. 


Kinds  of  Silos  and  Their  Construction 


Good  silos  have  been  built  in  a variety  of  ways  and  from  many  different  ma 
terials.  The  first  silos  in  the  United  States  were  made  of  stone  or  brick,  with 
thick,  substantial  walls.  These  were  expensive,  and  wooden  silos  were  success- 
fully tried.  Silos  can  be  grouped  in  two  classes:  (1)  temporary,  and  (2)  per- 
manent. Whenever  the  cost  of  a temporary  silo  equals  or  approaches  that  of  a 
permanent  silo,  the  farmer  should  buy  the  permanent  one. 


Wooden  Silos 

The  wooden-stave  gilo.  Probably  the 
silo  most  commonly  used  is  of  the  wooden- 
stave  type.  This  is  a good  silo  and  will  keep 
silage  with  as  little  loss  from  spoiling  as  any 
on  the  market;  but  not  better  than  some 
others. 

The  stave  silo,  as  it  comes  from  the  com- 
pany, is  ready  to  be  put  together.  However, 
the  purchaser  must  have  prepared  a founda- 
tion on  which  to  set  it.  This  foundation  can 
be  made  of  stone,  brick,  or  preferably,  con- 
crete. The  wall  of  the  foundation  should  be 
from  8 to  12  inches  in  thickness  and  should 
extend  from  2 to  3 feet  into  the  ground,  and 
from  1 to  li  feet  above  it.  A 32-foot  continu- 
ous stave  with  a 4-foot  foundation  makes  a 
good  combination  for  a sik)  36  feet  in  height. 
It  is  a good  practice  to  make  the  foundation 
wall  a foot  thick  at  the  bottom  letting  the  out- 


side slant  in  to  8 inches  at  the  top,  bo  that  the 
inner  wall  is  kept  perpendicular.  After  the 
foundation  wall  is  completed,  a concrete  floor 
should  be  laid.  It  should  be  concave,  that  is, 
several  inches  lower  in  the  centre  than  around 
the  wall. 

A wooden  chute  should  be  built  around  the 
doors  to  prevent  scattering  of  the  silage  when 
it  is  thrown  down  from  the  top. 

Stave  silos  vary  in  cost  according  to  the 
size  and  to  the  quality  of  the  lumber.  There 
are  also  differences  in  doors  and  in  many  minor 
parts.  A continuous  stave  silo  of  good  quality 
16  x 32  feet,  together  with  the  foundation,  will, 
under  normal  conditions,  cost  about  $375. 

The  wooden  stave  silo  demands  more  atten- 
tion during  summer  when  it  is  usually  empty 
and  apt  to  be  neglected  than  at  any  other 
time;  At  this  season  when  the  weather  is  hot 
and  dry,  the  staves  shrink  and  the  hoops  get 
loose — sometimes  so  loose  that  the  silo  will 
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Fig.  630.  Stave  silo  with  guy  wires:  also  details  of  a, 
tumbuckle  and  dead  man;  b , method  of  fastening  wire  to 
top  of  silo;  c,  additional  brace  support  at  base. 


fall  down — “fall  to  staves.”  When  the  hoops 
' and  staves  of  a silo  become  loose,  a slight 
wind  will  sometimes  blow  it  down,  even  if  it 
be  anchored.  On  the  other  hand,  if  the  sum- 
mer has  been  hot  and  dry  and  the  hoops  of  the 
silo  have  been  tightened  several  times,  it 
will  be  necessary  to  loosen  them  when  the  silo 
is  filled  in  the  fall.  If  this  is  not  done  the  mois- 
ture from  the  silage  will  swell  the  staves  and 
may  cause  them  to  1 'buckle”  in  places,  and 
sometimes  let  in  the  air  or  break  the  hoops. 

Considerable  difficulty  is  experienced  with 
wooden  stave  silos  in  semi-arid  sections  where 
the  weather  is  very  dry  and  strong  winds 
prevail.  In  other  sections  where  material 
tor  building  silos  is  scarce  or  not  to  be  had 
unless  it  is  bought,  and  where  experience  in 
building  silos  is  limited,  the  wooden  stave  silo 
is  a good  silo  to  buy.  When  buying  one,  fol- 
low the  instructions  supplied  by  the  maker  or 
dealer  regarding  its  erection  and  care. 

Wooden-hoop  silos.  These  are  simply  stave 
silos  in  which  the  hoops  are  of  wood  instead 
of  metal.  There  are  several  varieties,  but 
practically  all  are  made  of  a good  quality  of 
pine  flooring.  The  hoops  are  made  four 
ply,  of  1 x 4-inch  white  oak  lumber,  which 
will  bend  to  conform  to  the  circle  required. 

There  are  2 methods  of  making  the 
hoops.  Perhaps  the  better  and  most  common 
method  makes  use  of  a floor  space  or  platform 
on  which  can  be  marked  out  a circle  with  a 
diameter  2 inches  larger  than  the  diameter  of 
the  proposed  silo.  After  this  has  been  done, 
wooden  blocks  2 x 4 x 10  inches  are  nailed  to 
the  floor  or  platform  2 feet  apart  around  the 
circle,  inside  and  just  flush  with  the  line. 


Opposite  each  of  these  blocks  and  4)  inches 
from  it  another  block  2x4x8  inches  is  spiked 
down  with  the  spike  through  the  midale  of 
the  block.  One  corner  of  each  of  the  outside 
blocks  is  sawed  off  at  an  angle  of  45  degrees, 
the  beveled  or  sloping  side  toward  the  centre 
of  the  circle.  These  outside  blocks  turning 
on  the  spikes  serve  as  clamps  to  hold  the  hoop 
material  firmly  against  the  ends  of  the  inner 
circle  of  blocks.  In  other  words,  the  4 layers 
of  hoop  material  are  placed  between  the  2 
circles  of  blocks  and  are  held  in  place  by  the 
outside  blocks  until  they  can  be  nailed  together 
into  one  hoop.  In  this  manner  the  required 
number  of  hoops  can  be  made.  They  can 
be  distributed  30  inches  apart  from  the  top 
of  the  silo  one  third  of  the  way  down,  but 
from  this  point  to  the  foundation  they  should 
not  be  more  than  24  inches  apart. 

The  foundation  for  this  type  of  silo  is  the 
same  as  for  any  other.  Perhaps  the  ordinary 
concrete  foundation  is  best. 

When  the  foundation  and  hoops  are  made 
and  everything  is  in  readiness  for  raising  the 
silo,  all  of  the  hoops  are  placed  on  the  founda- 
tion. Inside  them  and  against  the  foundation 
wall  5 scantlings  or  poles  are  set  up,  equal 
distances  apart  around  the  wall,  and  anchored 
by  means  of  cross  braces  and  guy  wires  to 
hold  the  silo  in  shape  until  it  is  completed. 

Beginning  with  the  top  hoop,  each  hoop  is 
then  raised  to  its  place  and  temporarily  held 
by  crosspieces  until  the  staves  can  be  nailed 
on.  From  the  point  where  one  side  of  the 
door  is  to  be,  the  staves  are  nailed  on  just  as 
flooring  is  laid.  In  the  event  that  some  staves 
are  short  and  joints  must  be  made,  the  joints 
should  alternate.  The  staves  should  be  nailed 
on  until  only  a 2-foot  space  is  left  for  the  door. 

The  doors  are  made 


Fig.  63L  Stave  sfloa.  One  with  roof  and  iron  hoops 
completed,  the  other  with  wooden  hoops,  unfinished 
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back  from  the  opening  on  each  side  to 
form  the  “door  jambs/1  In  addition,  2 
staves  are  set  in  the  opening  one  on  each 
side,  and  fastened  temporarily  to  the  inner  side 
of  the  hoops  to  form  door  cleats  when  the 
cross  pieces  are  nailed  to  them.  The  cross 
pieces  are  fitted  in  from  the  bottom  to  the 
top  of  the  opening  and  nailed  to  the  staves 
mentioned.  After  the  continuous  opening 
is  completely  closed,  the  spaces  between  the 
hoops  are  numbered  from  the  ground  up. 
Then  the  cross-pieces  are  loosened  from  the 
top  downward,  and  at  each  hoop  the  upright 
staves  holding  the  doors  are  sawed  through 
midway  between  the  2 hoops.  This  makes  a 
separate  door  for  the  space  between  each  pair 
of  hoops,  and  each  door  will  fit  if  kept  in  its 
place.  The  numbers  previously  placed  upon 
them  permit  this  to  be  done. 

In  sections  where  snow  and  sleet  make 
feeding  operations  disagreeable,  the  silo 
should  have  a roof.  Since  the  wooden-hoop 
silo  is  a homemade  affair,  any  style  of  roof 
that  the  builder’s  ingenuity  and  taste  may 
suggest,  will  suffice.  The  chute  also  can  be 
made  of  any  light  material  available. 

The  wooden-hoop  silo  can,  under  normal 
conditions!,  be  built  for  about  one  dollar  per 
ton  capacity.  However,  there  are  modifica- 
tions of  the  wooden-hoop  silo  which  generally 
add  to  its  convenience  but  also  to  its  cost. 

Instead  of  making  wooden  hoops,  many 
farmers  buy  nuts  and  have  the  local  black- 
smith make  and  thread  hoops  of  $ to  |-inch 
iron  rods  to  fit  them.  Such  hoops  can  be 
adjusted  from  time  to  time.  Many  farmers 
have  gone  one  step  farther  by  making  the 
walls  of  the  silo  in  sections;  a silo  of  this  kind 
with  iron  hoops  can  be  taken  down  or  put  up 
in  a very  short  time  and  can  be  kept  indoors 
when  empty. 

On  account  of  the  low  cost,  its  efficiency 
in  keeping  silage,  and  the  ease  with  which 
one  handy  with  tools  can  make  it,  the  wooden- 
hoop  silo  is  popular  in  many  sections.  While 
it  should  be  re- 


chased ready  milled,  then  laid  horizontally  and  locked 
together.  The  comers  are  finally  covered  with  protec- 
tor strips. 


also  be  remembered  that  it  is  worth  what  it 
costs  and  more,  and  that  it  is  within  the 
reach  of  farmers  of  moderate  means.  The  use 
of  such  a silo  will  in  most  cases  make  possible 
the  purchase  of  a more  permanent  one. 

Among  other  types  of  good  wooden  silos 
which,  on  account  of  lack  of  space  cannot  be 
described  in  detail,  are  the  “Tung-Lok,”  a 
manufactured  silo;  the  crib  silo,  a homemade, 
8-sided  affair  made  of  2 x 4-inch  lumber  laid 
flatways,  each  layer  being  nailed  securely 
to  the  one  beneath  it;  and  the  Buff  Jersey,  an- 
other homemade  sort  made  of  2 x 4-inch  lum- 
ber, not  tongued  and  grooved  but  set  up  as 
staves  and  supported  by  iron  hoops.  The 
last  mentioned  silo  has  not  given  general 
satisfaction. 

Concrete  Silos 

The  solid  or  monolithic.  This  is  one  of 
the  permanent  silos.  When  built  properly, 
it  will  last  more  than  a lifetime;  it  will  not 
blow  over;  it  needs  no  guy  wires;  it  will 
neither  dry  out  and  fall  down  nor  burn  down. 

If  proper  care  is  taken  in  making  it,  the 
solid  concrete  silo  will  keep  silage  perfectly; 
the  statement  that  it  “will  not  keep  silage,” 
is  now  seldom  heard.  It  is  true  tnat  some 
concrete  silos  have  cracked,  and  that  in  some 
silage  has  spoiled.  But  if  properly  reinforced, 
the  concrete  will  not  crack.  And  if  the  cor- 
rect proportion  of  cement,  sand,  gravel  or 
chats  and  water  is  used  to  make  the  mixture 
airtight,  this  type  of  silo  will  preserve  silage 
perfectly.  One  common  mistake  has  been 
the  use  of  too  little  cement;  another  has  been 
the  failure  to  get  the  right  amount  of  water 
into  the  mixture.  If  the  mixture  is  too  dry, 
there  will  be  porous  places  that  will  admit 
air;  if  too  wet,  the  cement  and  sand  will 
“run,”  leaving  the  aggregate  without  enough 
cement  to  prevent  cracking  and  the  entrance 
of  air.  However,  any  man  who  has  had  ex- 
perience in  making  concrete  walks,  watering 
troughs,  etc.,  can  build  a concrete  silo;  if  he 
has  had  no  experience  at  all  in  making  things 
of  concrete,  his  safest  plan  is  to  secure  the  ser- 
vices of  some  one  who  has.  (See  Chapter 
25  on  Concrete  on  the  Farm). 

Regardless  of  who  builds  the  silo,  he  must 
remember:  (1)  to  use  enough  cement;  (2) 
to  use  enough  reinforcing  material.  The  mix- 
ture of  cement,  sand,  and  gravel  (or  crushed 
rock  or  chats)  generally  used  is  1 of  cement, 

2 of  sand,  and  4 of  gravel  (a  1:2:4  mixture). 

For  reinforcing,  woven  wire  has  proven 
very  successful,  though  half-inch  iron  rods  dis- 
tributed both  up  and  down  and  around  the  silo 
are  better.  A woven  wire  fencing  (38-inch,  No. 

9 wire,  with  a 5-  or  6-inch  mesh)  answers  the 
purpose  very  welL 

The  following  estimate  of  cement,  sand, 
gravel  and  woven  wire  is  for  a solid  6-inch 
concrete  silo,  16  x 32  feet,  made  of  the  1:2:4 
mixture  just  mentioned. 
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Portland  cement  . . 

Sand 

Gravel  ..... 
Woven  wire  (38-inch 
fencing,  40  rods) 


220  sacks 
15  cubic  yards 
30  cubic  yards 

2,090  square  feet 


The  following  table  shows  the  amounts  of 
cement,  sand,  and  gravel  for  silos  of  different 
sizes: 


MATERIALS 

DIMENSIONS  OF  SILO 

IN  FEET 

12x28 

14x30 

16x32 

Cement,  barrels  . 

37 

45 

55 

Sand,  cubic  yards 
Gravel  or  stone, 

11 

13 

15 

cubic  yards . . 

21 

26 

30 

The  forms  for  building  concrete  silos  can 
be  homemade  or  bought.  If  made  at  home 
they  will  cost  about  $50.  The  steel  forms  on 
the  market  are  serviceable,  easily  handled, 
and  can  be  rented  out  for  enough  to  cover  the 
first  cost.  A good  plan  is  for  several  men  in  a 
community  to  share  equally  in  making  or 
buying  the  forms. 

The  cost  of  a solid  6-inch  concrete  silo. 
16  x 32  feet,  under  normal  conditions,  will 
vary  from  $350  to  $450,  depending  upon  the 
price  of  labor  and  cement  and  the  distance 
that  the  materials  must  be  hauled. 

The  expense  of  maintaining  the  solid  con- 
crete silo  is  practically  nothing.  During  the 
summer  when  the  silo  is  empty  its  walls  be- 
come very  dry.  For  this  reason  they  should 
be  wet  thoroughly  before  new  silage  is  put  in 
(this  precaution  should  be  taken  with  stave 
silos  as  well).  Wetting  the  walls  prevents  ab- 
sorption of  moisture  from  the  silage.  J ust  as 
the  inside  of  the  stave  silo  should  have  a treat- 
ment of  creosote  once  in  2 years,  so  the  con- 
crete silo  should  have  a thin  coat  of  cement 
and  water  of  the  consistency  of  whitewash, 
every  2 years.  It  will  stop  up  all  pores  and 
keep  the  wall  smooth. 

The  concrete-block  silo.  It  is  not  claimed 
that  the  concrete-block  silo  will  keep  silage 
any  better  than  the  solid-wall  type;  however, 
the  concrete-block 
silo  has  one  advan- 
tage over  the  mono- 
lithic type,  namely, 
the  blocks  can  be 
made  at  times  when 
other  work  on  the 
farm  is  not  pressing. 
These  are  of  dimen- 
sions to  suit  the 
builder,  and  are  hol- 
low and  made  with  a 
groove  in  one  side 
through  which  passes 


Fig.  633.  How  to  place 
reinforcing  rods  in  a solid 
concrete  silo. 


Fig.  634.  The  solid  concrete  silo,  carefully  made,  is  on 
of  the  strongest,  handsomest,  and  most  durable  of  all 


an  iron  reinforcing  rod.  This  type  of  silo 
must  be  well  reinforced  to  prevent  cracking. 
Many  silos  of  this  type  are  in  use.  Their 
average  cost  is  about  the  same  as  for,  a 
monolithic,  or  good  stave  silo. 

Hollow-Tile  Silos 

The  hollow,  glazed-tile  silo  is  one  of  the 
best.  On  account  of  the  material  from 
which  it  is  made  and  its  resistance  to  fire  and 
storms,  it  is  classed  as  a permanent  silo.  Not 
only  is  it  efficient,  but  also,  in  common 
language,  it  is  a “good  looking”  silo  in  keeping 
with  other  first-class  farm  buildings. 

This  type  should  be  considered  by  the  man 
who  wants  a permanent  silo  and  who  has 
not  on  his  farm  or  within  easy  reach  the  ma- 
terial for  making  a concrete  silo.  Especially 
should  the  hollow  tile  be  considered  by  such  a 
man  if  his  experience 
in  making  things  of 
concrete  is  limited, 
and  if  a professional 
concrete  constructor 
is  not  available. 

Any  good  mason  can 
build  a hollow-tile 
silo. 

The  hollow-tile  silo 
is  made  of  hollow, 


Fig.  635.  Details  of  silo 
reinforcing  around  door 
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*Fig.  636.  The  concrete-block  silo  is  well  suited  to  the 
needs  and  constructive  ability  of  the  average  former. 
It  must  be  well  reinforced. 

vitrified  tile  blocks  reinforced  usually  by  iron 
bands  which  fit  into  the  mortar  between  the 
blocks  or  in  grooves  made  in  them.  The 
curved  blocks  are  laid  on  an  ordinary  concrete 
foundation  such  as  .would  be  made  for  any 
other  type  of  silo,  and  when  laid  properly 
make  a perfectly  smooth  wall.  When  the 
blocks  are  properly  glazed,  they  are  imperv- 
ious to  air  and  moisture.  The  hollow  spaces 
in  the  blocks  serve,  it  is  claimed,  as  a protec- 
tion against  changes  in  temperature. 

There  are  several  makes  of  hollow-tile  silos, 
both  homemade  and  patented,  among  them 
the  Iowa  and  the  Dickey.  Regardless  of 
name,  the  best  are  those  that  are  best  glazed 
and  best  reinforced.  Under  normal  condi- 
tions, the  cost  of  a first-class  glazed  hollow- 
tile  silo  will  be  very  little  more  than  that  of  a 
first-class  one-piece  stave  or  monolithic 
concrete  silo. 

Other  Types  of  Silos 

The  Gurler.  For  the  small  farmer  of  limi- 
ted means,  and  particularly  for  the  man  who 
is  struggling  to  pay  off  a mortgage  and  cannot 


buy  a high-priced,  permanent  silo,  the  Gurler  is 
highly  satisfactory.  This  silo  gets  its  name 
from  Mr.  H.  B.  Gurler,  of  Illinois,  the  first  to 
build  (me,  but  it  is  sometimes  called  the 
“plastered”  silo.  It  is  homemade  and  the 
cost  is  low,  since  native  lumber  can  be  used 
in  its  construction.  A silo  of  this  kind  with  a 
capacity  of  100  tons  can,  under  normal  condi- 
tions, be  built  for  $100  to  $150. 

The  foundation  is  made  of  concrete  extend- 
ing from  1J  feet  to  2 feet  into  the  ground,  and 
the  same  distance  above.  Before  the  founda- 
tion hardens,  a sill  is  laid  in  the  top  of  the  con- 
crete. To  this  sill  2 x 4-inch  scantlings  or 
studdings  set  18  inches  apart  are  nailed.  To 
the  inside  of  the  studding,  extending  round 
and  round,  is  nailed  half-inch  sheeting  of 
native  lumber;  either  elm,  sycamore,  cotton- 
wood, or  oak  will  do.  Inside  of  this  and  run- 
ning with  the  sheeting  are  nailed  laths,  also 
homemade  if  desired.  If  to  be  bought,  steel 
laths  are  better.  To  the  laths  is  applied  a 
half  or  three-quarter-inch  layer  of  cement 
plaster.  There  should  be  a cement  floor, 
lower  in  the  centre  than  around  the  wall.  As 
soon  as  the  plaster  lining  hardens,  the  silo  can 
be  used,  but  in  order  to  protect  the  inner  wall, 
boxing  should  be  put  on  the  studding  outside, 
and  painted.  Vents  or  holes  should  be  made 
in  the  boxing  near  the  bottom  and  in  the  inner 
wall  near  the  top  to  allow  a free  passage  of  air 
between  the  walls.  This  will  prevent  wood 
mold  from  forming  and  destroying  the  sheet- 
ing. A roof  is  not  absolutely  necessary, 
for  enough  water  to  injure  the  silage  is  not 
likely  to  fall  into  the  silo,  and  snow  does  not 
injure  the  silage  but  merely  makes  it  unpleas- 
ant to  handle. 

This  type  of  silo,  although  temporary,  when 
well  built,  will  keep  silage  perfectly  and  will 
last  10  or  15  years,  according  to  the  material 


Digitized  by  v^.ooQle 


461 


SILOS:  HOW  TO  BUILD  AND  USE  THEM 


used  and  the  care  given  it.  tt  will  not  dry 
out  and  collapse,  and  there  are  no  hoops  to 
keep  tightened.  Where  all  the  material  for 
the  Gurler  silo  must  be  bought,  a silo  16  x 32 
feet  can  be  built  in  normal  times  for  about 
$225.  If  native  lumber  sawed  from  timber 
on  the  farm  can  be  used,  the  expense  will  be 
less,  perhaps  not  more  than  $125  to  $150. 

Another  type  of  silo  very  similar  to  the 
Gurler  is  in  common  use.  In  it  instead  of 
the  laths  and  cement  plaster,  a layer  of  tar 
paper  is  used,  and  inside  this  another  thick- 
ness of  half-inch  sheeting.  A silo  of  this  kind 
is  even  cheaper  than  the  Gurler.  It  will  keep 
silage  well  and  last  from  10  to  12  years,  per- 
haps longer,  depending,  of  course,  on  the  ma- 
terial used. 

The  Minneapolis  or  panel  silo.  The 
framework  or  reinforcing  material  of  this 
patented  silo  is  made  of  steel  studs,  which 
are  set  up  perpendicularly  and  held  in  place 
by  short  wooden  staves  fitted  in  horizontally 
between  them,  and  by  iron  hoops  which  hold 
the  parts  of  the  silo  together.  The  staves 
are  short  and  tongued  and  grooved.  It  is 
claimed  by  the  manufacturers  that  this  man- 
ner of  using" the  stave  permits  little  shrinkage 
of  the  wood  and  little  difficulty  in  keeping 


Pig.  638.  Gurler  silo  construction  showing:  (A),  plan; 
(B),  section  and  details  of  inside  finish;  and  (C.DfE.F) 
different  methods  of  finishing  the  outside.  (Wis.  Bulle- 
tin 214.) 


Fig.  639.  Metal  silos  illustrating  two  types  of  door 
construction,  that  on  the  left  being  continuous  with  an 
enclosing  chute. 


The  steel  silo.  There  seems  to  be  consider- 
able demand  for  this  type  of  silo  especially  in 
sections  where  dry  seasons  and  strong  winds 
seriously  affect  wooden  silos.  The  steel  silo 
in  large  sizes  is  more  expensive  than  some 
other  manufactured  silos.  However,  it  is  a 
good  silo,  and  if  painted  on  the  inside  with 
asphaltum  every  year,  it  will  keep  silage  per- 
fectly. On  account  of  the  thin  wall,  silage 
will  perhaps  freeze  in  a steel  silo  a little  more 
quickly  than  in  some  others. 

The  plastered  steel  silo.  This  is  made  of 
steel  frames  on  which  is  fastened  heavy  woven 
wire.  On  the  outside  and  inside  of  the  woven 
wire,  2 inches  of  cement  plaster  are  applied. 

The  Pit  Silo 

This  type,  as  the  name  implies,  is  built 
mainly  below  the  surface|of  the  ground.  How- 
ever, when  a considerable  portion  extends 
above  ground,  it  is  referred  to  as  a semi-pit 
silo;  when  such  a silo  is  placed  in  a bank  and 
the  retaining  walls  serve  as  a chute,  it  is 
called  a bank  silo.  Pit  silos  can  be  built 
and  used  successfully  in  sections  where  the 
water-table  is  well  below  the  surface.  It  is 
not  advisable  to  build  a pit  silo  in  water- 
bearing soils. 

The  pit  silQ  has  gained  its  popularity  in 
semi-and  sections,  although,  under  proper 
conditions,  it  can  be  successfully  used  in 
humid  regions.  It  is  becoming  more  popular 
in  parts  of  the  north  and  northwest,  where 
the  winter  weather  is  very  cold  and  where 
silage  freezes  considerably  in  other  types  of 
silos. 

The  manner  of  constructing  the  pit  silo 
is  simple.  The  top  of  the  silo  is  built  first; 
the  ordinary  foundation  for  any  other  type 


Digitized  by  v^.ooQle 


462 


FARM  KNOWLEDGE 


of  silo  would  serve  well  for  the  top  or  “col- 
lar” of  a pit  silo.  First  a circle  having  for 
its  diameter  the  diameter  of  the  desired  silo 
is  laid  off,  on  the  ground.  Around  the  edge 
of  this  circle  every  2 or  3 feet,  are  driven  2 
rows  of  stakes  1$  feet  apart,  until  about  1 
foot  of  each  stake  remains  above  ground. 
Then  half-inch  sheeting,  or  any  kind  of  board 
material  that  will  bend,  is  bent  around  and 
nailed  to  the  stakes,  one  strip  being  nailed 
on  the  outer  side  of  the  inner  row  of  stakes  and 
the  other  on  the  inner  side  of  the  outer  row. 
The  dirt  is  then  dug  from  between  the  two 
rows  of  stakes  to  a. depth  of  2 or  3 feet  and 
the  trench  filled  to  the  top  of  the  sheeting 
with  concrete  which  is  allowed  to  set.  This 
makes  a good  concrete  collar  or  a good  founda- 
tion if  the  silo  is  to  extend  some  distance 
above  the  ground.  When  the  collar  is  made, 
the  earth  inside  is  dug  out  to  a depth  of  5 or 
6 feet,  and  a coat  of  cement  plaster  from  1 to 
14  inches  thick  applied  to  the  earthen  wall. 
Then  another  5 or  6 feet  of  earth  are  dug  out, 
and  another  band  of  plaster  is  applied.  In 
this  way,  5 or  6 feet  at  a time,  the  pit  silo  is 
built.  If  the  pit  silo  is  to  extend  above 
ground,  the  extension  can  be  of  staves,  con- 
crete, concrete  blocks,  or  hollow  tile  rein- 
forced as  in  the  ordinary  overhead  silo. 


Fig.  640.  Section  of  a pit  silo  showing  collar,  lining 
ana  simple  apparatus  for  keeping  the  size  and  shape 
accurate.  (Neb.  Bulletin  39.)  „ 


The  Care  and 


The  most  common  method  of  removing  the 
earth  in  digging  pit  silos  is  by  means  of  an  or- 
dinary hay  carrier  track  and  tubs  made  from 
barrels.  Horse  power  can  be  used  for  hoist- 
ing. If  the  hay.  carrier  arrangement  can  not 
be  had,  an  ordinary  block  and  tackle  or  wind- 
lass can  be  used. 

The  greatest  disadvantage  of  the  pit  silo 
is  encountered  in  getting  the  silage  out. 
However,  this  inconvenience  is  offset  by  the 
low  cost  of  the  silo  and  by  the  fact  that  it  is 
long-lived,  easy  to  fill,  nearly  air-tight,  below 
the  frost  line,  warm  in  winter,  and  cool  in 
summer. 

Of  the  various  methods  used  for  hoisting 
the  silage  out  of  the  pit  silo,  the  windlass  is 
perhaps  the  most  general. 

At  the  time  of  filling  the  silo,  and  until 
the  cells  or  tissues  in  the  silage  are  dead,  a 
poisonous  gas  (carbon  dioxide)  is  formed. 
This  gas  is  heavier  than  air,  and  for  this 
reason  is  held  in  a pit  silo  unless  it  is  open  wide 
at  the  top  so  that  currents  of  air  from  the 
outside  can  cany  the  gas  out.  A week  or  two 
after  the  silo  is  filled,  the  formation  of  gas  is 
so  slow  that  there  is  no  danger  from  this 
source.  The  danger  comes  at  the  time  of 
filling,  especially  if  the  silo  is  partly  filled  one 
day  and  the  work  finished  a day  or  so  later. 
At  this  time  no  one  should  get  into  the  silo 
until  a lighted  candle  or  lantern  has  been 
lowered  into  it.  If  the  light  goes  out  there  is 
danger.  The  danger  is  equally  great  in  any 
overhead  silo  at  or  near  filling  time  if  the 
doors  are  in  place  for  several  feet  above  the 
level  of  the  silage. 

The  cost  of  a pit  silo  16  x 30  feet,  full  pit 
with  roof  and  hoisting  apparatus,  is  given  in 
Nebraska  Bulletin  39  (February,  1917}  as 
$1.41  per  ton  capacity;  the  itemized  cost  is  as 
follows: 


Labor $ 62.85 

Board 18.00 

40  sacks  cement 20.00 

8 loads  sand 4.00 

100  feet  half-inch  wire  cable  . . 2.50 

160  feet  three-quarter-inch  rope  . 4.00 

Rope 4.00 

Carrier  for  cable 4.00 

Rope  and  post  to  erect  cable  . 1.50 

One-half-inch  by  12-inch  bolts,  top 

wall 1.00 

Boxes  to  lift  dirt 5.00 

Lumber  for  roof  ....  20.00 

Total  r / . . . *.  . $146.85 


Use  of  a Silo 


Care  in  building.  Great  care  should  be  taken  that  the  walls  be  as  nearly  air- 
tight as  possible  and,  if  concrete,  reinforced  so  they  will  not  crack.  The  silo 
must  be  plumb,  and  its  walls  smooth  and  true.  If  it  leans,  the  silage  will  settle 
away  from  the  one  wall  and  the  air  will  get  in.  If  the  walls  are  left  uneven  and 
rough  the  silage  will  not  settle  properly. 
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Care  in  filling.  In  order  to  exclude  the  air,  the  silage 
must  be  packed  carefully  around  the  walls  when  the  silo 
is  filled.  There  is  a tendency  for  the  heavier  pieces  to  fall 
in  one  place  while  the  lighter  ones  fall  a greater  distance 
from  the  distributor.  In  order  that  the  silage  be  uniform 
throughout  the  silo  and  settle  uniformly,  the  weight  must 
be  kept  uniformly  distributed. 

Each  farmer  should  own  his  own  blower  and  distribu- 
tor. However,  since  it  is  more  economical  to  use  a large 
cutter  than  a small  one,  it  is  well  for  several  neighbors  to 
buy  and  use  a large  cutter  jointly. 

It  is  not  advisable  to  buy  a cutter  with  a knife  less 
than  14  inches  in  length  and  a 17-inch  knife  is  better.  In 
order  to  keep  all  hands  going  and  everything  humming, 
the  cutter  should  have  a capacity  of  not  less  than  10  tons  per  hour,  while 
15  tons  is  better.  It  often  happens  that  a cutter  too  small,  choking  down, 
getting  out  of  order,  and  keeping  expensive  labor  idle,  is  the  cause  of  the  high  cost 
of  filling  a silo.  The  cutter  should  be  set  to  cut  the  com  into  half-inch  lengths, 
and  when  so  set  should  run  right  along  without  choking  down.  If  it  will  hold  up 
when  set  at  this,  it  is  not  likely  to  fail  when  set  to  cut  in  longer  pieces. 

An  engine,  if  not  owned  on  the  farm,  might  be  hired  or  owned  jointly. 
There  is  nearly  always  a traction  engine  in  the  neighborhood  that  can  usually 
be  hired  at  from  $6  to  $10  per  day.  A gasoline  engine  of  not  less  than  8-horse 
power  will  do,  unless  the  cutter  is  unusually  large.  It  is  always  economy  in  the 
end  to  have  an  engine  that  can  pull  all  that  is  required  and  a little  more. 

The  number  of  wagons  needed  will  depend  upon  the  capacity  of  the  cutter 
and  the  distance  that  the  com  must  be  hauled.  A driver  will  be  needed  for  each 
wagon,  and  2 men  will  be  needed  in  the  field  to  help  load.  If  a com  binder  is 
used,  a man  and  teams  to  run  it  will  be  required  in  the  field. 

One  man  will  be  needed  to  run  the  engine,  but  he  can  help  some  at  the  cutter. 
Another  man  will  be  required  all  the  time  at  the  cutter.  Two  men  should  be  in 
the  silo  and  they  should,  above  all  things,  be  conscientious,  active  men,  for  on 
them  depends  the  keeping  of  the  silage. 

If  by  waiting  for  the  grain  to  mature,  the  stalk,  blade,  and  shuck  are  allowed 
to  begin  to  dry  up,  it  may  be  necessary  to  add  water  to  the  silage  as  the  silo  is 
filled,  or  to  run  a small  stream  of  water  into  the  blower  as  the  silage  is  elevated  into 
the  silo.  There  will  be  little  or  no  danger  of  adding  too  much  water;  the  danger 
will  be,  in  all  probability,  in  not  getting  enough. 

When  the  silo  is  full,  the  top  should  be  leveled  off,  tramped  down  firmly  over 
the  whole  surface,  and  wet  down  thoroughly.  The  silage  should  be  tramped 
down  once  every  day  for  several  days  after  filling. 

If  the  silage  has  been  tramped  down  properly  around  the  walls  of  a good  silo, 
there  will  be  little  or  no  spoiled  silage  around  the  wall.  But  the  silage  on  top, 
if  not  protected  by  some  sort  of  covering,  will  spoil  down  to  a depth  of  from  a few 
inches  to  perhaps  a foot  or  more.  To  prevent  this  loss  from  spoiling,  some  men 
run  a lot  of  wet  straw  through  the  cutter  and  blower,  covering  the  silage  to  a depth 
of  about  a foot.  Another  practice  is  to  sow  oats  on  top  of  the  silage,  thick  enough 
so  that  when  they  sprout  they  form  a very  thick  mass  of  roots  which  provides  a 
good  tight  cover.  A few  men  have  been  known  to  “salt  down”  the  silage  when 
through  filling.  This,  they  claim,  is  a good  way  to  prevent  decay  of  the  silage 
at  the  top.  A barrel  of  salt  is  sufficient  for  a silo  16  feet  in  diameter.  Other  men 
have  spread  several  inches  of  sawdust  on  top  of  the  silage,  and  in  this  way  kept 
the  air  out.  Still  another  very  good  practice  consists  of  running  a half-inch  layer 


Fig.  641.  Hoisting  rig 
for  pit  silo  digging.  The 
plank  is  swung  to  one  side 
when  the  wheelbarrow  is 
lowered. 
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of  pitch  over  the  silage  just  as  soon  as  the  filling  is  completed.  The  pitch  does 
not  adhere  to  the  wall  of  the  silo  enough  to  prevent  its  settling  with  the  silage; 
it  keeps  the  silage  as  well  as  any  cover  in  use;  and  it  is  not  expensive.  When  the 
silo  is  opened,  the  layer  of  pitch  can  easily  be  broken  up,  thrown  into  a barrel  or 
box  ana  used  again. 

If  it  is  not  convenient  to  follow  any  of  the  practices  mentioned,  a few  loads  of 
com,  from  which  the  grain  or  ears  have  been  removed,  may  be  run  into  the  silo 
at  the  last,  and  wetted  down.  This  is  a very  common  practice;  if  adopted,  the 
loss  will  not  be  great  even  if  the  silage  does  spoil  down  to  a depth  of  a foot.  The 
cost  of  filling  silos  in  the  Com  Belt  is  from  75  cents  to  $1.00  per  ton. 

Care  in  emptying.  When  the  silo  is  opened,  all  spoiled  silage  should  be 
thrown  off  where  stock  cannot  get  it.  The  middle  should  be  kept  full,  particu- 
larly in  hot  weather.  If  a “feather  edge”  of  silage  is  allowed  to  remain  around 
the  wall  in  hot  weather  it  will  spoil  and  make  unpalatable  all  the  good  silage  with 
which  it  becomes  mixed.  The  silage  should  be  removed  from  the  silo  at  a uniform 
depth  each  day,  the  exact  depth  depending  on  the  number  of  animals  and  their 
appetites  (unless  on  limited  rations). 

Every  one  knows  that  spoiled  fruit,  whether  canned  or  not,  is  not  fit  for  food, 
and  should  not  be  eaten.  Yet  in  spite  of  this  men  have  fed  spoiled  silage  to  live- 
stock. Often  nothing  serious  comes  of  it,  yet  frequently  we  hear  of  some  man 
who  fed  spoiled  or  rotten  silage  and,  as  a result,  lost  some  of  his  stock.  The 
feeding  of  moldy  silage  is  always  a bad  practice,  as  it  may  cause  the  death  of  the 
animals  that  get  it.  Freezing  does  not  seriously  hurt  silage,  but  it  should 
not  be  fed  while  frozen.  However,  because  frozen  silage  is  hard  to  get 


FlC.  643.  Dimensions  and  arrangement  of  apparatus  required  in  building  and  using  a pit  sHo.  (International 

Harvester  Co.) 
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out  of  the  silo  and  hard  to  handle,  we  never  like  to  have  it  freeze  at  all  if 
it  can  be  prevented. 

It  should  be  remembered  that  one  should  never  take  stock  away  from  good 
silage  and  put  them  on  diy  feed.  In  other  words,  a man  should  figure  just  how 
long  his  silage  must  last  to  carry  his  stock  to  grass  again,  and  then  feed  with  that 
date  in  mind.  When  fed  silage,  stock  should  have  all  they  will  clean  up  but 
not  more.  Thus  in  order  to  make  it  hold  out  until  grass  comes,  silage  feeding 
should  not  begin  too  early  in  the  season.  Of  course,  the  man  with  both  a winter 
and  summer  silo  need  not  worry  about  this. 


Best  Crops  for  the  Silo 

Com.  One  of  the  greatest  advantages  of 
using  a silo  is  perhaps  the  ability  it  affords 
of  saving  the  corn  crop.  When  land  was 
cheap  and  there  was  an  abundance  of  coarse 
rougnage  which  had  little  economic  value 
it  was  not  so  serious  when  a big  per  cent  of  the 
crop  was  wasted.  However,  when  land  and 
labor  are  hieh  in  price,  it  is  imperative  that 
we  save  all  of  the  com  crop  and  follow  a system 
of  farming  which  requires  less  labor  per 
unit  of  production.  Considerably  less  labor 
is  required  in  harvesting  and  feeding  com  as 
silage  than  in  any  other  wav. 

From  30  to  40  per  cent  of  the  feeding  value 
of  the  com  plant  is  in  the  stalk,  blade,  and 
shuck.  Practically  all  of  this  is  lost  when  the 
com  is  harvested  from  the  stalk  or  from  the 
shock.  The  expense  of  putting  com  into 
the  shock  and  shucking  it  out  is  double  what 
the  stover  is  worth.  This  loss  of  feed  and 
money  can  be  prevented  by  use  of  the  silo. 

The  grain  from  an  acre  of  com  yielding  40 
bushels,  when  valued  at  60  cents  a bushel,  is 
worth  $24.  On  this  basis,  the  stalk,  blade, 
and  shuck  (representing  40  per  cent,  or 
two  fifths  of  tne  feeding  value)  are  worth  $16. 
But  ordinarily  “stalk  fields’1  sell  for  about 
$1.00  an  acre.  Here,  then,  is  a loss  of  about 
$16  per  acre,  that  can  be  prevented  by  the 
use  of  a silo. 

It  has  been  stated  that  “upon  the  basis  of 
total  food  value  2}  tons  of  silage  are  equal 
in  feeding  value  to  one  1 of  timothy  hay.” 
One  acre  of  60-bushel  com  will  make  10  tons 
of  silage,  the  equivalent  of  4 tons  of  timothy 
hay.  On  the  basis  referred  to,  with  corn 
selling  at  $1.00  a bushel,  a ton  of  silage  is 
worth  $6.70.  Calculated  in  this  way,  an 
acre  of  com  yielding  60  bushels  per  acre  when 
put  into  the  silo  is  worth  $67,  wnile  the  grain 
at  $1  a bushel  is  worth  only  $60.  However,  if 
10  tons  of  silage  is  equivalent  in  feeding  value 
to  4 tons  of  timothy  hay  and  takes  the  place 
of  the  hay  in  the  feed  lot,  then  it  is  worth  what 
the  4 tons  of  hay  would  sell  for  on  the  market. 
Silage  takes  the  place  of  high-priced  hay. 

In  some  parts  of  the  country,  silo  owners 
grow  a special  silage  com,  which  produces 
much  foliage  and  little  grain.  Farmers  in 
other  localities,  hearing  about  this  com, 
sometimes  ask  if  a special  com  must  be  grown 
for  the  silo.  The  answer  is  “no.”  The  com 


that  grows  best  in  a locality  is  the  com  for  the 
silo  in  that  locality.  Nothing  is  gained  by 
filling  the  silo  with  corn  that  produces  an  in- 
ferior ear  or  none  at  all.  The  more  grain  the 
better  and  richer  the  silage,  other  things 
being  equal.  While  an  acre  of  so-called 
“silage  com”  may  yield  heavily  as  silage,  the 
feeding  value  of  an  acre  of  such  com  would  not 
necessarily  be  greater  than  that  of  ordinary 
field  com  carrying  more  grain. 

Some  people  when  they  see  silage  for  the 
first  time  are  surprised  to  find  that  the  color 
is  not  as  they  had  expected,  green.  This  idea 
of  having  a green-colored  feed,  together  with 
lack  of  experience,  has  resulted  in  the  filling 
of  many  silos  with  green,  immature  com,  car- 
rying a high  per  cent  of  water  and  a low  per 
cent,  comparatively,  of  nutrients.  Experi- 
ence has  taught  us  that  if  we  want  the  best 
uality  of  silage,  we  would  better  wait  for  the 
ent  to  form  in  the  grain,  even  though  the 
stalk  and  blades  dry  up  a little. 

There  are  a number  of  cases  where  silos  were 
not  completed  at  the  time  the  com  was  at  the 
right  stage  for  silage.  The  com  was  cut  and 
put  into  shock,  where  it  completely  dried  out. 
Then  it  was  run  through  the  cutter  into  the 
silo  with  plenty  of  water,  and  made 'good  feed. 
However,  this  practice  is  not  the  best.  It  is 
mentioned  to  bring  out  the  point  that  cutting 
the  com  too  green  is  not  advisable,  and  that, 
by  the  addition  of  plenty  of  water  to  the  silage, 
com  can  be  allowed  to  mature  before  it  is 
siloed,  thus  enabling  us  to  secure  the  greatest 
amount  of  nutrients  from  an  acre.  Dry 
stover  may  require  an  equal  weight  of  water 
to  make  good  silage.  As  to  the  right  stage 
at  which  com  should  be  cut  for  the  silo. 
Prof.  C.  H.  Eckles  of  the  University  of  Minn- 


Fig.  643.  Nebraska  pit  aflo  showing  hay  loader  and 
track  used  for  removing  silage 
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Fig.  644.  Twin  pit  silos  and  a combined  hoisting  de- 
vice for  both.  (This  and  Fig.  643,  Neb.  Bulletin  39) 


esota  (gee  Volume  I,  Chapter  41)  says  in 
Missouri  Bulletin  No.  103: 

“The  proper  stage  to  cut  corn  is  when  it 
shows  the  first  sign  of  ripening.  In  a year  of 
normal  rainfall,  this  is  when  the  husks  first 
begin  to  turn  yellow  at  the  end  of  the  ear, 
while  the  leaves  of  the  plant  are  still  green. 
At  this  time  the  kernels  are  entirely  past  the 
milk  stage  and  are  glazed  and  dented.  Silage 
made  from  such  com  does  not  develop  so 
much  add  as  when  cut  in  a less  mature  stage, 
although  it  still  develops  a suffident  amount 
to  preserve  it.” 

Sorghum.  After  com,  sorghum  ranks 
next  as  a crop  for  the  silo.  It  yields  heavily; 
sometimes,  on  good  land,  it 'will  make  from 
12  to  15  tons  of  silage  to  the  acre,  although  the 
yield  is  more  often  less  than  this.  However, 
it  yields  about  the  same  number  of  tons  per 
acre  as  com,  soil,  cultivation,  season,  and 
everything  else  being  equal.  There  is  con- 
siderably more  water  and  more  sugar  in  the 
sorghum  plant  than  in  the  com  plant,  and 
for  this  reason  sorghum  silage  is  apt  to  be  sour. 

Where  sorghum  is  grown  for  the  silo,  it  is  a 
common  practice,  and  a good  one,  to  grow 
some  com  to  put  into  the  silo  with  it.  Best 
results  with  sorghum  as  silage  have  been  ob- 
tained by  making  a half-and-half  mixture  in 
which  a load  of  sorghum  is  run  through  the 
cutter,  then  a load  of  com,  etc.  This  practice 
is  particularly  advisable  if  the  com  is  a little 
dry.  The  drier  com  will  have  a tendency  to 
offset  the  sourness  due  to  the  sorghum.  On 
the  other  hand,  some  farmers,  upon  finding 
their  com  for  the  silo  too  dry,  have  added  a 


little  sorghum  on  account  of  its  having  more 
“juice”  in  it,  thus  making  sure  that  their 
silage  would  not  be  so  dry  as  to  mold.  Quite 
a number  of  extensive  cattle  feeders  have 
made  the  statement  that  for  making  beef 
they  would  just  as  soon  have  silage  made 
from  com  and  sorghum,  half-and-half,  as 
silage  from  com  alone.  Sorghum,  like  com, 
should  be  mature;  the  seed  should  ripen  be- 
fore the  plant  is  put  into  the  silo. 

Kafir.  There  are  sections  where  the 
drought-resisting  kafir  grows  as  well  as,  or  bet- 
ter than,  ordinary  field  com,  and  there  it  is  re- 
commended for  the  silo.  It  was  found  at  the 


Kansas  Station  that  kafir  silage  ranks  second 
to  com  silage  as  a milk  producer.  The  plant 
seeds  heavily  and  has  abundant  foliage, 
yielding  from  one  third  to  one  half  more 
tonnage  per  acre  than  com  and  about  the 
same  as  sorghum.  Kafir,  like  sorghum, 
should  be  mature  before  being  put  into  the 
silo.  Feterita,  another  one  of  the  sorghums, 
also  makes  good  silage. 

Cowpeas.  All  of  our  common  field  legumes, 
such  as  clover,  alfalfa,  soybeans,  and  cowpeas 
have  been  tried  out  in  the  silo  and  can  all  be 
used,  but  the  resulting  silage  is  of  an  inferior 
quality.  This  is  particularly  true  of  clover 
and  alfalfa,  but  cowpeas  make  fairly  good 
silage  especially  if  mixed  with  com.  All  the 
legumes,  when  siloed  singly,  undergo  a 
change  that  gives  them  the  appearance  of 
having  rotted;  when  siloed  with  some  other 
crop  like  com  or  soighum  they  do  not  show 
this  “rotted”  condition.  Moreover  by  mix- 
ing the  nitrogenous  cowpeas  with  com  which 
carries  a high  per  cent  of  carbohydrates,  there 
is  produced  a richer,  more  growth-making  feed. 
The  proportion  should  be  1 load  of  cowpeas  to 
2 of  com. 

However,  every  man  who  feeds  silage 
should,  if  possible,  feed  some  legume  hay 
with  it,  in  which  case  it  is  advisable  to  refrain 
from  putting  cowpeas  into  the  silo.  It  is 
not  an  uncommon  practice  to  feed  silage 
straight  without  any  hay,  but  stock,  when 
fed  silage,  nearly  always  do  better  if  they 
have  access  to  some  leguminous  hay. 


How  to  Determine  the  Weight  of  Silage  in  the  Silo 

Sometimes  we  like  to  know  how  many  pounds  or  tons  of  silage  remain  in  the 
silo  after  we  have  begun  feeding.  Feeders  have  been  heard  to  say:  “If  I had  known 
that  my  silage  would  run  out  before  grass  was  good  enough  for  pasture,  I should 
have  fed  a little  lighter.”  Sometimes,  too,  when  the  silage  is  partly  used  out  of  a 
silo,  we  wish  to  sell  the  remainder.  The  accompanying  table  (from  Wisconsin 
Bulletin  59)  showB  the  computed  weight  of  well-matured  com  silage  at  different 
distances  below  the  surface,  and  the  total  weight  to  those  distances,  2 days  after 
filling. 

To  illustrate:  Suppose  John  Blank  has  a silo  16  x 32  feet  inside  dimensions. 
This  silo,  after  the  silage  settled,  contained  24  feet  of  silage.  He  fed  out  14  feet  of 
silage  from  the  top,  leaving  10  feet  remaining  in  the  silo  which  he  wished  to  seH  to 
a neighbor.  HoW  many1  tons  had  he  to  sdl? 
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From  the  table  it  will  be  seen  that  one  square  foot  of  silage  to  a depth  of  24 
feet  weighs  862  pounds.  One  square  foot  of  silage  to  a depth  of  14  feet  is  407 
pounds.  Since  this  14  feet  has  been  fed  out,  subtract  407  pounds  from  862 
pounds  which  leaves  455  pounds,  the  weight  of  1 square  foot  of  the  silage  from  a 
' depth  of  14  feet  to  the  bottom  of  the  silo,  a distance  of  10  feet.  Then,  u we  mul- 
tiply this  455  by  the  number  of  square  feet  in  the  surface  area  of  the  silage,  the 
product  will  be  the  number  of  pounds  of  silage  remaining  in  the  silo.  In  order 
to  find  the  number  of  square  feet  in  the  top  surface  of  a silo,  find  the  diameter, 
take  half  of  it,  multiply  it  by  itself,  and  multiply  this  product  by  3.1416.  The 
diameter  of  Mr.  Blank’s  silo  is  16  feet;  half  of  this  is  8 feet;  eight  times  8 equals 
64;  64  times  3.1416  equals  201.06  square  feet,  the  area  of  the  top  surface  of  silage 
in  the  silo.  Multiplying  455  by  201.06,  we  get  91,482.3  pounds,  the  weight  of 
silage  remaining  in  the  silo.  Dividing  this  by  2,000  (the  number  of  pounds  in  a 
ton)  we  have  45.74,  the  number  of  tons  of  silage  Mr.  Blank  has  for  sale. 

WEIGHTS  OF  SILAGE  AT  DIFFERENT  DEPTHS 


depth 

OP 

SILAGE 

WEIGHT  PER  CU- 
BIC FOOT  AT 
DIFFERENT 
DEPTHS 

TOTAL  WEIGHT 

TO  DEPTH 
GIVEN  OF 

1 SQ.  FT. 

DEPTH 

OF 

SILAGE 

WEIGHT  PER  CU- 
BIC FOOT  AT 
DIFFERENT 
DEPTHS 

TOTAL  WEIGHT 
TO  DEPTH 
GIVEN  OF 

1 SQ.  FT. 

Feet 

Lbs. 

Lbs. 

Feet 

Lbs. 

Lbs. 

1 

18.7 

18.7  | 

19 

45.0 

619.7 

2 

20.4 

39.1 

20 

46.2 

665.9 

3 

22.1 

61.2 

21 

47.4 

713.3 

4 

23.7 

84.9 

22 

48.5 

761.8 

5 

25.4 

110.3 

23 

49.6 

811.4 

6 

27.0 

137.3 

24 

50.6 

862.0 

7 

28.5 

165.8 

25 

51.7 

813.7 

8 

30.1 

195.9 

26 

52.7 

966.4 

9 

31.6 

227.5 

27 

53.6 

& 1 Mil 

10 

33.1 

260.6 

28 

54.6 

mm  13^19111 

11 

34.5 

295.1 

29 

55.5 

lip  1 1 Wmi 

12 

35.9 

331.0 

30 

56.4 

1,186.5 

13 

37.3 

368.3 

31 

57.2 

1,243.7 

14 

38.7 

407.0 

32 

58.0 

15 

40.0 

447.0 

33 

58.8 

16 

41.3 

488.3 

34 

59.6 

17 

42.6 

530.9 

35 

60.3 

18 

43.8 

574.3 

36 

61.0 

1,541.4 
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Ability  of  barn  to  meet  local  conditions,  403 
Accelerator,  40 

Acetylene  for  the  farmhouse,  844 
Acetylene  gas  for  lighting  the  barn,  392 
Acme  harrow,  79 
Adaptability  of  concrete,  275 
Adjusting  a surface  cultivator,  88 
Advantage  of  cold  storage,  449 
Advantage  of  tractor  over  hone,  58 
Advantages  of  drilling,  93 
A few  don'ts  about  tools,  290 
Aggregates,  273;  fire-resisting,  275;  quality 
of,  275 

Air  compressors,  164 
Ammeter,  193 

Amount  of  water  for  spray  irrigation,  256 
Ampere,  193 

\mple  grounc 

for  farmhouse,  819 
Animals  should  have  comfort  and  cleanliness. 


362 

Architectural  styles  for  farmhouse,  324 
Arrangement  of  creameries,  440;  of  milk- 
houses,  438 

Artificial  refrigeration,  451 
Attic,  Farmhouse,  336 

Attic  ventilation  makes  farmhouse  cooler,  328 
Automatic  regulating  device  on  windmill,  169 
Automatic  turning  devices  for  spray  irriga- 
tion system,  258 

Automobile,  Advantages  of  the,  27,  28;  body, 
37;  brakes,  36;  clutch,  85;  control,  32; 
cooling  systems,  35;  cost  of,  30,  81;  dis- 
advantages of,  28;  electrical  equipment, 
35,  37;  engine,  31,  37;  engine  overheating, 
38;  engine  starting  troubles,  38;  gasoline 
feed  systems,  32;  how  to  drive  an,  36;  how 
to  get  most  from  an,  39;  lubrication,  85; 
points  of  a good,  31;  rear  axles,  36;  seating 
arrangement,  35;  simplicity  a prime  con- 
sideration, 30;  springs,  35;  steering  gear, 
35;  strength  and  durability  of,  30;  tires. 
35,  37:  transmission  automobile  terms  and 
what  they  mean,  40;  systems,  32;  weight  of, 
29;  wheelbase,  35 

Automobiles,  Light,  26,  27;  unnecessary  use 
of,  29 

Avoid  overloading  and  overepeeding  of  motor 
trucks,  49 
Axle,  The  wagon,  8 
Axles,  Buggy,  17 


Babcock  testers  and  equipment,  132 
Backfiring,  40 

Bagging  elevator  on  grinding  mill,  120 

Baler,  Hay,  114 

Bale  tension  of  hay  press,  115 


Band  knives  on  grain  separators,  108 
Barn,  Ability  of,  to  meet  local  conditions,  403; 
bank,  414;  carrier  tracks  in,  387;  cattle, 
310;  combination  horse  and  dairy,  414; 
comfort  in,  401 ; contents  should  be  dry,  361 ; 
convenience  in,  402;  dairy,  310;  design 
should  be  pleasing  and  logical,  366;  dur- 
ability of,  403;  economy  m feeding  and 
watering  in,  862;  economy  of  construction 
of,  865;  economy  of  time  in,  403;  framing, 
374;  framing  the  roof,  876;  general  pur- 
pose, 810:  grain  elevators  in,  389;  hay  and 
litter  earners  in,  387;  hay,  construction  of, 
430;  hay,  equipment  of,  431;  hay,  location 
of,  430;  hay,  roof  of,  430;  hay.  size  of,  430; 
hay,  walls  of,  430;  heavy-timber,  parts  of, 
375;  horse,  810, 413;  points  of  a good,  413; 
labor-saving  appliances  in,  385;  lighting 
the,  892;  lighting  with  acetylene  gas,  392; 
lighting  with  electricity,  892;  mangers  in, 
387;  minimum  maintenance  cost  of,  403; 
one-story  type  of,  378,  379;  plank  construc- 
tion of,  875;  plank-truss,  framing  of,  377; 
pleasing  appearance  of,  403;  power  hay 
hoist  in,  886;  protection  against  fire  in, 
865;  protection  from  cold  and  winds,  399; 
reasonably  low  first  cost  of,  403;  safety  in, 
401;  sanitation  in,  401;  serviceability  of, 
402;  shade  for,  400;  sheep,  points  of, 
411;  should  have  good  light,  361;  should 
have  proper  temperature,  361,  should  have 
pure  air,  361;  stallion  and  mare,  413 
stanchions  in,  388;  stay  bracing,  376 
steel  stalls  in,  388;  storage  facilities  of,  403, 
sunlight  in,  400;  ventilation  for,  400;  water 
storage  for,  382;  water  systems  for,  382 
Barns,  Abundance  of  light  in,  899;  ample 
drainage  for,  899;  braced-rafter  construc- 
tion for  basement,  876;  correct  temperature 
for,  399;  dryness  in,  399^  gable-end  brac- 
ing for,  877;  hay,  429;  main  considerations 
in,  399;  plank-truss,  construction  of,  377; 
special-purpose,  396;  sprayers  for,  394; 
ventilation  flues  for  braced-rafter,  377 
Barnyards  and  outbuildings,  320 
Base  of  road,  269 
Bathroom  in  farmhouse,  334 
Batteries,  Portable  storage,  198 
Beams,  Safe  loads  for  yellow  pine,  374 
Bean  harvester,  105 

Bearings,  7,  165;  automobile  engine,  37 
Bedding  layout  for  irrigation,  247 
Bedrooms  in  farmhouse,  334 
Beef  cattle,  Fattening  shed  for,  408,  409; 
handy  shelter  for,  410;  housing  of,  408; 
points  of  $ood  feeding  shed  for,  410 
Belt  work  with  tractor,  67 
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Benefits  of  drainage.  232 
Best  crops  for  the  silo,  465 
Best  truck  to  buy,  48 
Bevel  siding,  370 

Binder,  Btnding  device  of,  101;  corn,  105; 
cutting  device  of,  100;  elevating  device  of, 
101;  grain  and  seed  savers  on,  101;  grain, 
100;  power  transmission  in  the,  100 
Binding  device  on  binder,  101 
Binding  mechanism  of  corn  binder,  106 
Bitumen  in  road  making,  271 
Blasting,  Boulder,  301;  ditch,  302;  practical 
methods  of,  300;  principles  of,  farm,  299; 
stump,  301;  subsoil,  303;  to  assist  drain- 
age, 303 

Blinding  drainage  tile,  240 
Blocks  and  block  setter  of  hay  press,  115 
Body  of  automobile,  37 
Boiler,  Care  of  the,  183;  locomotive  type  of, 
182 

Boiler  room  of  cheese  factory,  442 

Boilers,  Steam-engine,  181;  grates  for,  182; 

water-tube  and  tire-tube,  181 
Bolster  springs,  10 
Bolsters,  9 

Bottle  cases,  Milk,  139 
Bottle  washers,  Milk,  143 
Bottles,  Milk,  139 
Boulder  blasting,  301 
Box  or  body,  Carriage,  17 
Braced-rafter  construction  for  basement 
barns,  376 

Brake,  Prony,  for  testing  steam  engine,  186 
Brakes,  wagons,  10;  automobile,  36 
Breakfast  alcove  in  farmhouse,  333 
“Breaking  out”  ice,  449 
Breast  collars,  23 
Brick,  368 

Brick  construction  for  farmhouse,  329 

Brick  masonry,  368 

Bricklaying,  368 

Bridle,  Horse’s,  22 

Broadcast  seeders,  96 

Brooder  houses,  426 

Brooders,  Coal-burning,  426;  hot-water,  427; 

lamp,  426 
Brougham,  15 

Bubble  tube  in  surveying,  225 
Buggies,  Care  of,  18 

Buggy  axles,  17;  essentials  of  good  construc- 
tion, 16;  fifth  wheel  of,  17;  painting  a,  18; 
reach,  17;  seat,  17;  selecting  a,  19;  shafts 
and  poles,  17;  springs,  17 ; top,  18;  wheels,  16 
Building  and  care  of  farm  roads,  262 
Building,  Laying  out  the  foundation  of  a, 
227 

Building  materials,  Proper  use  of,  in  construc- 
tion, 366;  weight  of,  per  cubic  foot,  373; 
weight  of,  per  square  foot,  373 
Buildings,  Excavations  for,  366;  on  the  farm, 
and^ their  equipment,  305;  storage  and  work, 
429;  under  one  roof,  313 
Bunchers  on  mowers,  98 
Bundle-tying  machine  for  garden  crops,  129 
Bungalow  type  of  farmhouse,  325 
Butter  workers,  133 


Candles  for  the  farmhouse,  344 
Cans,  Milk,  for  separating  and  shipping,  139 
Cantilever  spring,  40 
Canvas  dam  in  irrigation,  251 
Car,  How  to  care  for  the  motor,  37;  what  kind 
to  buy,  29 
Carbureter,  40, 206 

Care  and  adjustment  of  silage  cutters,  117* 
and  management  of  engines,*  212;  and  use 
of  a silo,  462;  in  emptying  silo,  464;  in 
filling  silo,  463;  in  using  the  compass,  224; 
of  a carriage,  18;  of  a wagon,  11;  of  auto- 
mobile on  road,  37;  of  buggies  and  carriage, 
18;  of  harness,  23,  24,  25;  of  ice  crop  when 
stored,  449;  of  ice  field,  446;  of  tile  drains, 
240;  of  truck,  49;  of  wagon  wheels,  11;  of 
windmill,  172 
Carpenter  work,  292 
Carpenter’s  level  for  surveying,  225 
Carpentry,  370 
Carriage  box  or  body,  17 
Carriage  industry  in  America,  14 
Carriage,  Selecting  a,  19 
Carriages,  Care  of,  18 
Carrier  tracks  in  barn,  387 
Carryalls,  15 
Carts,  15;  dump,  12 
Cattle,  Automatic  water  bowls  for,  384 
Cattle  barn,  310 

Cattle,  Beef,  fattening  shed  for,  408,  409; 
handy  shelter  for,  410;  housing  of,  408; 
points  of  good  feeding  shed  for,  410 
Cattle,  Dairy,  Housing  of,  406 
Cattle,  Dehorning  instruments  for,  395; 

gravity  water  bowls  for,  384 
Causes  of  depreciation  of  implements,  216 
Ceiling,  how  worked,  370 
Cellar  of  farmhouse,  336 
Cement,  367 

Cement  and  lime  mortar,  368 
Cement  mortar,  368 
Cement,  Portland,  273 
Centrifugal  cream  separators,  134 
Centrifugal  pumps,  164 
Cesspools  for  farmhouse,  358 
Chain  and  tape  in  surveying,  223 
Chains,  Lock,  10 
Change  gears  quickly,  36 
Chassis,  what  it  is,  40 

Check  in  com  planting,  Insuring  a good,  89 
Cheese  factory,  Boiler  room  of,  442;  curing 
room  of,  442;  details  of,  442;  location  ana 
dimensions  of,  442;  make  room  of,  442;  sug- 
gested equipment  of,  443;  whey  tank  of,  442 
Cheesemaking  equipment,  135 
Chert  roads,  267 

Choice  of  material  for  farmhouse,  328 
Choosing  a truck,  43 

Chum  and  butter  worker,  Combined,  136 
Chum,  Barrel,  135;  box,  135 
Churns,  Types  of,  135 

Circulation  of  air  in  cold-storage  houses,  460 
Cleanliness  and  comfort  for  animals,  362 
Clearing  off  snow  from  ice,  446 
Cloth-front  type  of  poultry  house,  425 
Clothes  closets,  in  farmhouse,  336 
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Clover-  and  grass-seed  drill,  95 
Clover  huller,  110 
Clutch,  Automobile,  35,  40 
Clutch  on  corn  planter,  89 
Coal-burning  brooders,  426 
Cold  storage.  Advantage  of,  449;  duration  of, 
452;  packing  stores  in,  452 
Cold-storage  houses,  Circulation  of  air  in, 
450;  dampness  in,  450;  for  the  farm,  449; 
insulation  of,  449;  refrigerating  tank  in, 
461;  temperature  in,  451;  types  of,  461; 
ventilation  of,  451 
Collar,  Horse's,  22 
Collars,  Breast,  23 
Collecting  basins  or  relief  wells,  244 
Colonial  type  of  farmhouse,  324 
Colony  poultry  house,  427 
Colored  concrete  surfaces,  281 
Combination  motor  truck  and  tractor,  47 
Combinations  of  materials  for  farmhouse,  331 
Combined  cutters  and  grinders,  121 
Comfort,  essential  to  poultry  house,  418;  in 
barn,  401 

Compass,  Care  in  using,  224;  for  surveying, 
224 

Compressors,  Air,  164 
Computing  the  area  of  fields,  228 
Concaves  on  grain  separators,  108 
Concrete,  Adaptability  of,  276;  and  its  use  on 
the  farm,  273;  block  silo,  459;  corner  posts, 
dimensions  of,  287;  driveways,  284;  floors, 
284;  form  construction,  279;  foundations, 
285;  hand  mixing  of,  278;  hog  wallows,  285; 
hotbeds,  288;  line  posts,  286;  machine  mixers 
for,  278;  manure  pits,  285;  masonry,  369; 
mixing,  277;  mixtures  and  their  prepara- 
tion, 276;  mixtures,  tables  of,  277;  placing 
and  treatment  of  surfaces,  280;  poets,  286; 
quantity  of  water  for,  278;  reinforcing,  282, 
283;  screening  materials  for,  274;  setting 
up  forms  for,  280;  silos,  458;  some  things  a 
farmer  can  make  with,  284;  steps,  288;  stop- 
ping leaks  in,  296, 297 ; surfaces,  how  colored, 
281;  surfaces,  how  to  finish,  281;  surfaces, 
painting,  282;  surfaces,  pebble-dash,  282; 
surfaces,  slap-dash,  282;  surfaces,  rubbed, 
281 ; surfaces,  tooled,  282;  surfaces,  washing 
and  scrubbing,  282;  surfaces,  waterproofing, 
282;  tanks,  285;  time  of  mixing,  278; 
tools  required  for,  276;  troughs,  285;  use 
clean  materials  for,  275;  walks,  284;  wash- 
ing aggregates  for,  275;  what  it  is,  273 
Concrete  work,  Protecting  finished,  281 
Conditions  that  make  tractor  practical  and 
economical,  59 

Consider  the  housewife  in  planning  the  farm- 
house, 331 

Constructing  ditches  for  irrigation,  252 
Construction,  Details  of  silo,  456;  items  re- 
quiring special  emphasis  in,  326;  of  creamer- 
ies, 441;  of  disc  harrows,  79;  of  frame  riding 
plows,  74;  of  granary,  432;  of  hay  barn, 
430;  of  milkhouse,  438;  of  roads,  265 
Control  of  automobile,  32 
Convenience  in  barn,  402 
Conveying  water  for  irrigation,  250 


Conveyor  on  silage  cutter,  116 
Cooling  systems,  of  automobile,  35;  of  gas  en- 
gines, 211 

Cooling  tanks,  Milk,  136 

Com  binder,  105;  binding  mechanism  on,  106 

Com  crushers,  120 

Com  for  the  silo,  465 

Com  harvesters,  105 

Com  husker  and  shredder,  117;  design  of,  118; 
husking  rolls  of,  118;  self-feeder  on,  118; 
shaker  rack  on,  119;  snapping  rolls  on,  118; 
shredder  head  on,  118 
Cora  picker,  106 

Com  planter,  88;  rolling  ahead  of,  81 
Cora,  Shelled,  Recleaning,  113 
Cora  sheller,  Electric,  201;  self-feeder  for, 
112;  separation  in,  113 
Com  shellers,  Hand,  112;  power,  112 
Com  shelling  device,  112 
Cora,  Value  of  grading  seed,  88 
Correct  engine  plowing,  78 
Corrugated  rollers,  81 

Cost  of  automobile,  30;  minimum  mainte- 
nance, of  bam,  403;  of  different  lighting 
systems,  349;  of  draining,  240;  of  ex- 
cavating and  laying  tile,  243;  of  poultry 
houses,  426;  of  preparing  land  for  irrigation, 
248;  of  tile,  240,  243;  of  windmill,  171; 
reasonably  low  first,  of  bam,  403 
Cotton  pickers,  107 
Cotton  planters,  90 
Coup4,  15 

Cow  bam,  Dairy,  Arrangement  of  cows  in, 
407;  miscellaneous  considerations  in,  407; 
requires  light  and  sunlight,  407;  safety  and 
comfort  in,  407;  sanitary  features  of,  406; 
types  of,  408;  ventilation  necessary  in, 
407 

Cowpeas  for  the  silo,  466 
Cream  separator  and  chum  operated  by  elec- 
tricity, 201 

Cream  separators,  Centrifugal,  134 
Creameries,  440;  arrangement  of,  440;  con- 
struction of,  441;  location  and  requirements 
of,  440 

Creamery  equipment,  Suggested,  442 
Creamery  sewage,  359 
Crops,  Field,  Spraying  equipment  for,  148 
Crops,  Machines  for,  114,  162;  machines 
for  harvesting  and  threshing,  97 ; machines 
for  seeding  and  planting,  87;  machines 
for  spraying,  144 
Crushers,  Com,  120 
Cultivating  with  tractor,  66 
Cultivator,  Adjusting  a surface,  83;  disc,  82; 
listed-com,  83;  shovel  versus  surface,  84; 
surface,  83;  two-row,  82 
Cultivators,  82;  and  special  tools  for  cultivat- 
ing garden,  128;  pivot-frame  and  pivot-axle 
types,  82 

Curing  room  of  cheese  factory,  442 
Current,  Electric,  193 
Cutter  knives  on  silage  cutter,  116 
Cutters  and  grinders,  121;  combined,  121 
Cutters,  Roughage,  121 
Cutting  device  of  binder,  100 
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Cutting  shock  com  with  silage  cutter,  117 
Cylinder  on  grain  separators,  108 
Cylinders  cast  en  Hoe , 40 

Dairy  and  horse  bam,  Combination,  414 
Dairy  bam,  310 
Dairy  cattle,  Housing  of,  406 
Dairy  machinery  for  the  farmer,  132 
Dairy  wash  sinks,  143 
Deep-tilling  machines,  76 
Dehorning  instruments  for  cattle,  395 
Design  of  an  outlet  ditch,  234;  of  com  husker 
and  shredder,  118;  of  farmhouse  and  site 
intimately  related,  321 ; of  wood  saws,  122 
Desirable  features  of  farmhouse  site,  317 
Detrimental  effects  of  dampness  in  cold- 
storage  houses,  450 
Development  of  pleasure  vehicles,  14 
Differential,  40 
Diggers,  Potato,  107 
Digging  the  ditch  for  tile,  239 
Dimensions  of  concrete  comer  posts,  287;  of 
concrete  line  posts,  286 
Disc  cultivator,  82 
Disc  harrows,  79,  80 
Disc  plows,  76 
Ditch  blasting,  302 
Ditch  drops  in  irrigation.  252 
Ditch,  Filling  the,  240;  hillside,  233;  outlet, 
design  of,  234;  outlet,  location  and  con- 
struction of,  235 

Ditches,  Open,  233;  maintenance  of,  235; 

number  of  acres  drained  by,  234, 235 
Ditching  machinery,  Power,  162 
Division  boxes  in  irrigation,  252 
Doors  of  implement  sheds,  437 
Dooryard  of  farmhouse,  338 
Doubletrees,  13 
Draft  of  wagons,  6 
Drag  harrows,  78 
Drags  for  roads,  271 

Drainage,  253;  and  subirrigation,  253;  bene- 
fits of,  232;  blasting  to  assist,  303;  land 
needing,  233;  laws,  244:  of  home  surround- 
ings, 245;  of  irrigated  land,  244;  of  roads, 
245,  263;  practical  farm.  232;  profits  from, 
245;  records,  243;  surface,  233;  system, 
planning  the,  239;  tile,  236;  tile,  principles 
of,  236;  wells,  244 
Drained,  Land,  by  tile,  237 
Draining,  238;  a farm,  238;  a seepy  hillside, 
239;  cost  of,  240 
Drains,  Kinds  of,  233 

Drill,  Clover-  and  grass-seed,  95;  combination 
shoe  and  double-disc  furrow  openers  on, 
94;  distance  between  furrow  openers,  94; 
double-disc  furrow  openers  on,  93;  fertilizer 
attachments  for,  95;  furrow  openers,  styles 
of,  93;  hoe  furrow  openers  on,  93;  one- 
horse,  95;  shoe  furrow  openers  on,  93; 
single-disc  furrow  openers  on,  93;  stand- 
ardizing the,  94 
Drill  work  on  metal,  291 
Drilling,  Advantages  of,  93 
Drills,  92;  force-feed,  94;  press,  95 
Driveways,  Concrete,  284 


Drop  siding,  370 

Droppings  platform  in  poultry  house,  422 
Dry-spraying,  Equipment  for,  150 
Dump  rake,  98 
Durability  of  bam,  403 
Duration  of  cold  storage,  452 
Dusting,  Equipment  for,  150 
Dynamite,  298;  and  its  uses  on  farm,  298; 
for  making  wells,  304;  gully  filling  with, 
804;  how  to  use,  299,  300;  miscellaneous 
uses  of.  304;  road  work  with,  304;  tamping, 
298;  what  it  is,  298 
Dynamiting  before  planting  trees,  308 

Eannarkers  for  livestock,  394 
Earth  and  oil  roads,  271 
Earth  roads,  265 

Economy  in  construction  of  bam,  365;  in 
feeding  and  watering  in  barn,  362;  of  time 
in  bam,  401 

Efficiency  of  gas  engines,  203;  of  machines,  154 
Electric  com  shelter,  201;  cream  separator 
and  chum,  201;  current,  193;  fanning  mill, 
201;  farm  plant,  cost  of,  198;  feed  grinder, 
201;  flash  lights,  198;  horsepower,  193; 
hot  plate,  202;  lamps,  177,  199;  lanterns, 
198; light,  advantages  of  the,  188;  lighting, 
199;  lights  for  the  bam,  392;  motor,  size 
required,  202;  plants,  farm,  197;  plants, 
private,  195;  range,  202;  refrigerator,  201; 
shades  and  reflectors,  200;  storage  batteries, 
portable,  198;  toaster,  202;  wood  saw,  201 
Electrical  equipment,  Automobile,  35,  37; 
supply,  sources  of,  192;  terms  and  expres- 
sions, 193 

Electricity  for  the  farmhouse,  348;  how  meas- 
ured and  sold.  193;  many  farmers  using, 
194;  how,  may  help  farm  women,  191 ; on  the 
farm,  188;  rates  and  charges  for,  194;  vari- 
ous uses  of,  199;  washing  and  ironing  by, 
200 

Elevated  tanks  for  farmhouse  water  supply, 
351 

Elevating  device  of  binder,  101 
Elevation,  To  determine  difference  in,  be- 
tween 2 points,  230 
End-gate  seeders,  96 
Energy,  what  it  is,  152 
Engine,  Automobile,  31,  37 
Engineer’s  or  surveyor’s  level,  225 
Engineering,  Farm  construction  and,  221 
Engines,  Efficiency  of  gas,  203 
Engines,  Four-cycle,  210 
Engines,  Gas,  care  and  management  of,  212; 
cooling  systems  of,  211;  determining  horse- 
power of,  214;  essential  points  in  buying, 
214;  fuels  for,  205;  governors  of,  211;  how 
they  work,  204;  ignition  systems  of,  206, 
209;  judging  and  buving,  213;  magnets  for, 
209;  size  required,  213;  sources  of  electric 
current  for,  218;  valve  action  of,  213;  valves 
of,  211 

Engines,  Internal-combustion,  203;  types  and 
parts  of,  210;  versus  steam,  214 
Engines,  Steam,  180,  183;  boilers,  181,  182; 
classifications  of,  185;  governors  of,  185; 
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indicator  diagrams  for,  186;  lubrication 
of,  187;  measuring  horsepower  of,  186; 

?rony  brake  for,  186;  starting  and  stopping, 
87 

Engines,  Two-stroke^cycle,  210 
Equipment  for  distribution  of  water  in  over- 
head irrigation,  266;  for  orchard  spray  work, 
147;  of  farm  buildings,  380;  of  granary, 
433;  of  hay  barn,  431:  of  milkhouse,  438; 
used  in  care  of  livestock,  393 
Errors  made  with  tape  or  chain,  224 
Essential  points  in  buying  gas  engine,  214 
Essentials  of  a poultry  house,  418;  of  good 
buggy  construction,  16 
Establishing  the  grade,  230 
Excavations  for  buildings,  366 
Explosives  on  farm,  Keeping,  299 

Fanning  mill,  Electric,  201 
Farm  buildings,  306;  and  their  equipment, 
380;  hillside  with  southern  slope  ideal  for, 
308;  kind  of  labor  affects,  309;  local  factors 
in' grouping  of,  307;  requirements  of  good, 
361;  site  of,  309;  soil  conditions  for,  308; 
their  construction,  361;  topographic  con- 
ditions for,  307;  type  of  fanning  affects, 
308;  under  one  roof,  313;  ventilation  of,  380 
Farm,  Cold-storage  houses  for  the,  449; 
concrete  and  its  use  on,  273;  draining  a, 
238;  dynamite  and  its  uses  on  the,  298; 
electricity  on  the,  188;  general  repair  work 
on,  289;  horse-drawn  work  vehicles  for  the, 
6;  icehouses  for  the,  444;  keeping  explosives 
on  the,  299;  mapping  out  the,  228;  power 
and  power  machinery  on  the,  161, 162, 169; 
water  power  on  the,  173 
Farm  construction  and  engineering,  221 
Farm  drainage,  Practical,  232 
Farm  electric  plants,  197 
Farm  implements.  How  to  care  for,  216 
Farm  irrigation,  Practical,  246 
Farm  layout,  Surveying  the,  228 
Farm  poultry  buildings,  418 
Farm  products,  Weight  of,  per  cubic  foot,  374 
Farm  residence,  310 
Farm  roads,  Building  and  care  of,  262 
Farm  shop,  219;  equipment  of,  219;  machin- 
ery equipment  for,  220 
Farm  surveying,  Practical,  222 
Farm  tractor,  66 
Farm  water-power  plants,  176 
Farm  women,  How  electricity  may  help,  191 
Farmer,  Dairy  machinery  for  the,  132;  prac- 
tical surveying  problems  for  the,  227 
Farmers  using  electricity,  Many,  194 
Farmhouse,  Acetylene  for  the,  344;  a home 
and  a business  house,  314;  ample  grounds 
and  private  driveway  for,  319;  architec- 
tural styles  of,  324;  attic,  336;  away  from 
highway,  318;  bathroom  in,  334;  bedrooms 
in,  334;  breakfast  alcove  in,  333;  brick 
construction  for,  329;  bungalow,  326; 
candles  for  the,  344;  cellar,  336;  cesspools, 
368;  choice  of  material  for,  328;  clothes 
closets,  336;  Colonial,  324;  combinations 
of  materials  for,  331;  consider  housewife 


in  planning,  331;  cost  of  different  lights 
for,  349;  design,  features  should  include, 
322;  differs  from  other  homes,  wherein, 
316;  disposal  of  household  wastes,  from, 
367;  dooryard,  338;  electricity  for  the, 
348;  equipment,  339;  fireplace,  337,  339; 
fire  precautions  in,  327;  gasoline  for  the, 
344;  good  plumbing  a necessity  in  the.  327; 
good  ventilation  for  the,  328;  half-timber 
style  of,  324;  heating  the,  339.  341,  342; 
hired  men’s  quarters  in,  334;  hot  air  for 
heating,  340,  341;  hot-water  heating  for, 
343;  how  it  should  stand,  337;  its  construc- 
tion and  arrangement,  326;  its  location  and 
design,  314;  kerosene  for  the,  344;  kitchen 
entrance  in,  336;  kitchen  in,  334;  laundry, 
336;  lighting  of,  344;  living  room  in,  332; 
location  of,  in  relation  to  outbuildings, 
319,  320;  natural  gas  for  the,  347;  one  level 
for  all  rooms  on  floor  in,  336;  plumb- 
ing for  the,  364;  principles  in  selecting 
style  of,  323;  privies,  367;  proportions 
cost  of,  322;  relation  and  equipment  of 
parts  of,  332;  septic  tanks  for,  368;  sewage 
disposal  of,  366;  should  be  2-storied,  323; 
should  have  trees  about  it,  321;  site,  de- 
sirable features  of,  317;  site,  problems  in 
choice  of,  316;  site,  selection  of  a,  316,  316; 
stairways  in,  333;  steam  heating  for,  341; 
stone  construction  for,  330;  stoves  for 
heating,  340;  stucco  construction  for,  330; 
things  to  remember  in  planning  the,  331; 
use  porches  on,  332;  washroom  for  men  in; 
336;  water  supply  from  elevated  tankB  for, 
361;  water  supply  from  hydro-pneumatic 
system  for,  362;  water  supply  from  pneu- 
matic system  for,  362;  water  supply  from 
springs  for,  349;  water  supply  from  wells 
for,  360;  windows  and  outside  doors  of, 
337;  wood  construction  for,  328 
Farmstead  layout,  Planning  the,  306 
Farmstead,  Position  of,  with  relation  to  the 
fields,  319 

Features  a farmhouse  design  should  include, 
322 

Feed  and  litter  carriers  in  barn,  387 
Feed  crushers  and  grindere,  119 
Feed  grinder,  Electric,  201 
Feed,  Grinding  mixed,  121 
Feeder  and  plunger  of  hay  press,  114 
Feed-grinder  construction,  120 
Feeding  device  on  grain  separators,  108 
Fertilizer  attachments  for  drill,  96;  for 
planter,  90 

Fertilizer  distributors  for  garden,  126 
Field  uses  for  the  tractor,  64 
Field  with  irregular  boundary,  To  find  area 
of,  229 

Fields,  Computing  the  area  of,  228 
Fifth  wheel  of  buggy,  17 
Fillers  and  cappers,  Milk  bottle,  133 
Filling  the  ditch,  240 
Finishing  concrete  surfaces,  281 
Fire  precautions  in  farmhouse,  327 
Fire,  Protection  against,  in  barn,  365 
Fireplace,  Farmhouse,  337,  339 
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Fire-resisting  aggregates,  275 
Fitting  and  seeding  with  tractor,  64 
Fitting  harness,  21 
Flooring,  370;  composition,  296 
Flooring,  Heavy,  371 
Flooring,  old,  Repairing,  295 
Floors,  284;  concrete,  284;  of  poultry  house, 
422;  repairing,  295 
Fly  nets,  Horae,  25 
Force-feed  drills,  94 
Forge,  Use  of  the,  291 

Forms  for  concrete,  279;  lumber  for,  280; 
removal  of,  280;  tiers  and  spaces  for,  280; 
wetting  or  oiling,  280 

Foundation,  367;  concrete,  285;  footings  and 
walls  of,  367;  for  roads,  266,  269;  of  ice- 
house, 447;  repairing,  295 
Four-cycle  engines,  210 
Framing  granary,  433;  implement  sheds,  437; 

the  barn  roof,  376 ; the  plank-truss  barn,  377 
Fruits,  small,  Spraying  equipment  for,  148 
Fuels  for  gas  engine,  205 
Furrow  openers,  Combination  shoe  and 
double-disc,  94;  distance  between,  on  drill, 
94;  double-disc,  on  drill,  93;  hoe,  on  drill, 
93;  shoe,  on  drill,  93;  single-disc,  on  drill, 
93 

Furrows  and  flooding,  247 

Gable-end  bracing  for  barns,  377 
Gang  plows,  75 

Garage,  Special,  for  motor  truck,  53 
Garden,  Cultivators  and  special  tools  for,  128; 
hand  cultivators  for,  129;  hand  tools  for, 
123,  129;  harrows  for,  124;  hoes  for,  130; 
implements  and  hand  tools  for,  123 ; machines 
for  special  purposes  in,  129;  marking  and 
spotting  machines  for,  125;  planters  and 
transplanters  for,  126;  plant-setting  ma- 
chines for,  127;  rakes  for,  130;  seed  drills 
for,  126;  smaller  hand  tools  for,  131;  spade 
and  spading  fork  for,  130;  weeders  and 
weeding  machines  for,  127 
Gasoline  engine  easy  to  master,  42 
Gasoline  feed  systems,  32 
Gasoline  for  the  farmhouse,  344 
Gears,  Change,  quickly,  36 
General  repair  work  on  farm,  289 
General-purpose  barn,  310 
Getting  results  with  tractor,  67 
Gig,  15 

Good  plumbing  a necessity  in  farmhouse,  327 
Good  ventilation  for  farmhouse,  328 
Governors,  185;  of  gas  engines,  211;  of  steam 
engines,  185 

Grade,  Establishing  the,  230 
Grain  and  seed  savers  on  binder,  101 
Grain  binder,  The,  100 
Grain  conveyor  and  sieves  on  separator,  109 
Grain  elevators  in  barn,  389 
Grain  harvesting  with  tractor,  66 
Grain,  Rolling  spring-sown,  81 
Grain  separator,  108;  band  knives  on,  108; 
concaves  on,  108;  conveyor  and  sieves  on, 
109;  cylinder  on,  108;  feeding  device  on, 
,108;  grates  and  beater  on,  109;  hulling 


clover  with  a,  111;  stackers  and  blowers 
on,  109;  straw  conveyor  and  racks  on,  109; 
tailings  auger  on,  109 

Granary,  310,  431;  construction  of,  432; 
equipment  of,  433;  framing  of,  432;  loca- 
tion of,  432;  ratproofing,  433;  roof  of,  433; 
shape  of,  432;  size  of,  432 
Grates  and  beater  on  grain  separators,  109 
Grates  for  steam  boilers,  182 
Gravel  roads,  267 

Gravity  water  bowls  for  cattle,  384 
Grinders,  Cutters  and,  121 
Grinding  mill,  Bagging  elevator  in,  120; 
construction  of,  120;  regulating  fineness  in, 
120;  sweep  power,  119 
Grinding  mixed  feed,  121 
Grinding  plates,  Single  and  duplex,  120 
Grooved  roofing,  370 
Gully  filling  with  dynamite,  304 
Gurler  silo,  460 

Half-timber  style  farmhouse,  324 
Hand  com  shelters,  112 
Hand  cultivators  for  garden,  129 
Hand  mixing  concrete,  278 
Hand  tools  for  garden,  129 
Hand-made  versus  machine-made  harness, 
21 

Hansom,  15 

Harness,  Farm,  Care  of,  20, 23, 24, 25;  fitting, 
21;  hand-made,  21;  machine-made,  21; 
metal  parts  of,  21 ; styles  of,  21 
Harness  making,  20 

Harrows,  78;  acme,  79;  disc,  79,  80;  drag, 
78;  for  garden,  124;  orchard,  80;  reversible 
disc,  79;  spring-tooth,  78;  tandem  disc, 
79;  tongue  trucks  for,  80;  tractor  disc,  80 
Harvesters,  105;  bean,  105;  com,  105;  small- 
grain,  100 

Harvesting  crops,  Machines  for,  97 
Harvesting  ice,  446 
Hay  bams,  429 
Hay  loaders,  99 

Hay  press,  or  baler,  114;  bale  tension  of,  115; 
blocks  and  block  setter  of,  115;  hopper  of, 
114;  power  for,  115 
Hay  tedders,  99 
Hay  tools?  385 
Haying  with  tractor,  65 
Header,  102;  combination,  and  binder,  102; 

Kafir,  105;  small-grain,  102 
Heating  the  farmhouse,  339 
Height  of  poultry  house,  420 
High  clipping  with  mower,  98 
Hillside  ditch,  233 
Hillside,  seepy,  Draining  a,  239 
Hillside  with  southern  slope  ideal  for  farm 
buildings,  308 

Hired  men’s  quarters  in  farmhouse,  334 

Hitches,  Wagon,  12 

Hoes  for  garden,  130 

Hoghouse,  310 

Hog  oilers,  394 

Hoe  wallows,  Concrete,  285 

Hollow-tile  silo,  459 

Home  surroundings,  Drainage  of,  245 
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Home-made  windmills,  172 
Hopper  of  hay  press,  114 
Horse  and  dairy  bam,  Combination,  414 
Horse  bam,  310,  413 
Horse,  The  tractor  and  the,  67 
Horse-dipping  machines,  393 
Horse-drawn  pleasure  vehides,  14;  work  ve- 
hicles, 5 

Horse-grooming  machines,  394  ' 

Horsepower,  Electric,  193 
Horsepower  of  an  engine.  Determining  the, 
254 

Horse-raising  industry,  The  tractor  and  the, 
68,  59 

Horses,  Fly  nets  for,  25;  housing  of,  413 ; power 
dental  float  for,  394 
Hot  plate,  Electric,  202 
Hot-air  system  for  heating  farmhouse,  340 
Hotbeds,  Concrete,  288 
Hot-water  brooders,  427 
Hot-water  heating  for  farmhouse,  343 
Household  wastes,  357 
Houses,  Cold-storage,  444 
Housing  of  beef  cattles  408;  of  dairy  cattle, 
406;  of  horses,  413;  oi  sheep,  410;  of  swine, 
403 

How  and  why  it  payB  to  use  a silo,  453,  454 

How  farmhouse  should  stand,  337 

How  to  care  for  automobiles,  37 

How  to  care  for  farm  implements,  216 

How  to  choose  a wagon,  13 

How  to  determine  weight  of  silage  in  silo,  466 

How  to  drive  an  automobile,  36 

How  to  get  most  from  automobile,  39 

How  to  measure  with  a tape  or  chain,  223 

Huller,  Clover,  110 

Hulling  dover  with  grain  separator,  111 
Huskers,  Com,  117 

Husking  rolls  of  com  husker  and  shredder,  118 
Hydraulic  ram,  176;  for  farmhouse  water 
supply,  351 

Hydropneumatic  system  of  water  supply  for 
farmhouse,  352 

Ice,  “Breaking  out”  the,  449;  dearing,  of 
snow,  446;  packing,  448;  secret  of  keeping, 
445;  storage  without,  451;  tapping  the,  446 
Ice  crop,  446;  care  of,  when  stored,  449 
Ice  field,  care  of  the,  446 
Ice  harvesting,  446;  tools  required  for,  447 
Icehouse,  444;  building  the,  447;  foundation 
of,  447;  insulation  of,  447;  material  of,  447; 
“pocketing”  the  air  in,  448;  roof  of,  448; 
side  walls  of,  447;  sills  of,  448;  size  and 
capacity  of,  445;  underdrainage  of,  447; 
ventilation  of,  448 
Icehouses  for  the  farm,  444 
Ideal  motor  truck,  43 
Ignition,  40 

Ignition  system  of  gas  engines,  206 
Implement  sheds,  434 

Implements,  farm,  Causes  of  depredation  of, 
216;  how  to  care  for,  216;  lack  of  adjust- 
ment of,  217;  rust  and  weathering  of,  216; 
shelter  for,  218;  storage  places  for,  218 
Implements,  Garden,  128 


Incubator  cellar,  426 
Injectore  for  steam-engine  boilers,  182 
Installing  overhead  irrigation  system,  258 
Instruments  used  in  surveying,  222 
Insulation  of  cold-storage  houses,  449;  of  ice- 
house, 447 

Insuring  a good  check  row,  89 

Interior  arrangement  of  implement  sheds,  436; 

of  poultry  house,  422 
Internal-combustion  engines,  203 
Internal-combustion  engines  versus  steam  en- 
gines, 214 

Irrigation,  Bedding  layout  for,  247;  canvas 
dam  in,  251;  constructing  ditches  for,  252; 
conveying  the  water  for,  250;  costs  of  pre- 
paring land  for,  248;  ditch  drops  in,  252; 
division  boxes  in,  252;  furrows  and  flood- 
ing in,  247;  leveling  the  surface  for, 
246;  measuring  water  for,  250;  methods 
of,  247;  orchard,  247;  practical  considera- 
tions in,  249;  practical  farm,  246;  preparing 
side  hills  for,  247;  pump  for  overhead, 
255;  pumping  water  for,  248;  quantity  of 
water  required  for,  249;  reservoir  storage 
in,  252;  source  of  water  supply  in,  249;  water 
gates  in,  252;  wing  dams  in,  251 
Irrigation,  Overhead,  254;  automatic  turning 
devices  for,  258;  equipment  for  distribution 
of  water  in,  256;  installing  system,  258;  lat- 
erals for,  256;  main  or  supply  pipes  for,  255; 
water  and  time  required  to  cover  acre  in, 
258;  water  pressure  in,  255 
Irrigation  level  and  its  use,  248 
Irrigation  practice,  Principles  of,  246 
Irrigation,  Spray  or  overhead,  254;  amount  of 
water  for,  266 
Iron,  cast,  Repairing,  290 

Taunting  car,  15 

Judging  and  buying  an  engine,  213 
Jump-spark  system  of  ignition,  209 

Kafir  for  the  silo,  466 
Kafir  header,  105 

Keep  road  bed  and  side  ditches  dean,  272 
Keeping  explosives  on  farm,  299 
Kerosene  for  the  farmhouse,  344 
Kilowatt,  193 

Kind  of  labor  affects  farm  buildings,  309 
Kinds  of  drains,  233;  of  gears,  9;  of  silos  and 
their  construction,  456;  of  tile,  243 
King  drag  for  roads,  271 
Kine  system  of  ventilation,  381,  400 
Kitchen  entrance  in  farmhouse,  335 
Kitchen  in  farmhouse,  334 
Knocking  or  pounding,  40 

Labor  shortage  60 

Labor-saving  appliances  in  barn,  885 

Lack  of  adjustment  of  farm  implements,  217 

Lamp  brooders,  426 

Lamps,  Electric,  on  farmsteads,  199 

Land,  irrigated,  Drainage  of,  244 

Land,  Measuring  and  mapping,  222 

Land  needing  drainage,  233 

Land  rollers  and  packers,  80 
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Land  surveys,  Systems  of,  226 
Landau,  15 

Lanterns  and  flashlights,  Electric,  198 
Laterals  for  overhead  irrigation,  266 
Lath,  Plastering,  371 
Laundry,  Farmhouse,  336 
Laws,  Drainage,  244 

Laying  out  the  orchard,  227;  the  foundation 
of  a building,  227 
Laying  the  tile,  239 

Level,  Engineer’s  or  surveyor's,  225;  prob- 
lems in  using,  230 
Level  rods  for  surveying,  225 
Leveling,  Profile,  230 
Leveling  the  surface  for  irrigation,  246 
Lever,  157 

Light  in  poultry  house,  244,  420 
Lighting,  Electric,  199 
Lighting  the  bam,  392;  the  farmhouse,  344 
Lime,  367 
Lime  mortar,  367 
Listed-corn  cultivator,  83 
Listers,  91;  why  they  are  used,  91 
Listing,  Methods  of,  91 
Livestock,  Earmarkers  for,  394;  equipment 
used  in  case  of,  393;  machinery,  affecting 
care  of,  163;  teeth  nippers  for,  395 
Living  room  in  farmhouse,  332 
Loaders,  Hay,  99 
Loading,  13 

Loads  on  structures,  373 
Local  factors  in  grouping  of  farm  buildings, 
307 

Locating  the  shop,  219 
Location  and  construction  of  outlet  ditches, 
235 

Location  and  dimensions  of  cheese  factory, 
442 

Location  and  requirements  of  creameries,  340 
Location,  Convenient,  essential  to  poultry 
house,  418 

Location  of  farmhouse  and  outbuilding,  319; 
of  granary,  432;  of  hay  farm,  430;  of  im- 
plement sheds,  434;  of  milkhouse,  437;  of 
roads,  264 
Lock  chains,  10 
Long  poultry  house,  428 
Loosening  soil  before  planting  trees,  302 
Lubricants,  Kinds  of,  for  farm  machinery, 
217 

Lubrication,  11, 50;  of  automobile,  35;  of  farm 
machinery,  217;  of  steam  engine,  187 
Lumber,  Board  feet  of,  in  timbers,  371;  for 
concrete  forms,  280;  dimensions  of,  370; 
standard  sizes  of  dressed,  370;  waste,  371 

Machine  materials,  165 
Machine  mixers  for  concrete,  278 
Machine  shed,  Good,  218 
Machinery,  123;  affecting  care  of  stock,  163; 
care  of,  123, 164;  choosing  and  purchasing, 
159;  classification  of  power,  162;  depreciation 
of,  161;  equipment  for  farm  shop,  220;  for 
crops,  162;  need  for,  123;  .power  ditching, 
162;  power  on  farm,  159;  real  cost  of,  160; 
real  value  of,  169;  repairing,  161 


Machines,  Deep-tilling,  76;  efficiency  of,  154; 
for  harvesting  and  threshing  crops,  97;  for 
increasing  power  of  men  ana  animals,  154; 
for  seeding  and  planting  crops,  87;  for 
special  purposes  in  garden,  129;  for  spraying 
crops,  144;  for  tilling  the  soil,  72,  horse- 
grooming, 394;  milking,  141;  used  in  pre- 
paring crops  for  use,  114 
Magneto,  40,  209 
Mam  considerations  in  barns,  399 
Main  or  supply  pipes  for  overhead  irrigation, 
255 

Maintenance  of  open  ditches,  235;  of  roads, 
271 

Make-and-break  system  of  gas-engine  igni- 
tion, 206 

Make  room  of  cheese  factory,  442 
“ Man  behind”  the  tractor,  Importance  of , 67 
Mangers,  387 

Manure,  Composition,  quantity,  and  value  of, 
390 ; conservation  of,  390, 391 ; pits,  concrete, 
285;  waste,  390 
Mapping  out  the  farm,  228 
Marking  and  spotting  machines  for  garden, 
125 

Marking  or  chaining  pins  in  surveying, 
223 

Masonry,  Brick,  368;  concrete,  369;  materials 
used  in,  367;  stone,  868 

Materials  for  icehouses,  447:  for  implement 
sheds,  435;  for  poultry  house,  424;  for 
wagon  construction,  6;  used  in  masonry 
construction,  367 

Measuring  and  mapping  land,  222 
Measuring  water  for  irrigation,  250 
Mechanical  terms,  152 

Metal,  Drill  work  on,  291;  parts  of  harness, 
21;  patterns  for  casting,  292;  tapping  and 
threading,  292 
Metal  work,  Sheet,  292 
Metal  working,  290 

Methods  of  irrigating,  247;  of  listing,  91 
Middle  breaker  plow,  74 
Milk,  132;  bottle  cases,  139;  bottle  fillers  and 
cappers,  133;  bottle  washers,  143;  cans  for 
separating  and  shipping,  139;  cooling  tanks, 
136;  delivery  baskets,  139;  pails,  140;  pas- 
teurizer, 139;  samplers,  132;  scales,  140;  sedi- 
ment testers,  140;  sterilizers,  142;  stools, 
141;  strainers,  141;  Milk  testers,  Babcock, 
132 

Milkhouse,  437;  arrangement  of,  438;  con- 
struction of,  438 ; equipment  of,  438;  location 
of,  437;  size  of,  437 
Milking  machines,  141,  389 
Milk-room  wash  sinks,  143 
Minneapolis  or  panel  silo,  461 
Misfiring,  40 

Missouri  poultry  house,  423 
Mixing  concrete,  277 
Modern  sleds,  12 
Moldboard  plowB,  72 

Mortar,  Cement,  368;  cement-and-lime,  368; 
lime,  367 

Motor,  electric,  Size  of,  required,  202 
Motor  tractor,  70 
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Motor  truck,  47;  and  tractor,  combination, 
47;  best  to  buy,  48;  care  of  the,  49;  fre- 
quent inspection  of,  50;  lubrication  of,  50; 
points  of  a good,  46;  position  of  power 
plant  in,  46;shelter  for,  50, 58;  the  ideal,  48; 
what  it  can  haul,  54;  why  it  is  displacing 
the  horse,  44 

Motor  trucks  and  trailers  on  farm,  42 
Motor  trucks,  Types,  sizes  and  cost  of,  45 
Motorcycle,  on  the  farm,  26;  care  of,  27 
Mowere,  97;  bunchers  on,  98;  high  clipping 
with,  98;  vertical  or  plain  lift  for,  98 

Nails,  Estimating  quantities  of,  873;  weight 
of,  needed  per  1,000  feet  of  lumber,  372 
Natural  gas  for  the  farmhouse,  847 
Nests  in  poultry  house,  422 
Number  of  acres  drained  by  open  ditches, 
284,235 

One  level  for  rooms  on  floor  of  farmhouse,  336 
One-horse  drill,  95 
One-story  type  of  barn,  378 
Open  ditches,  233 

Open-front  ventilation  of  poultry  house,  421 
Orchard  and  garden,  Location  of,  320 
Orchard  harrows,  80 
Orchard  irrigation,  247 
Orchard,  Laying  out  the,  227 
Orchard  spraying  equipment  and  outfits,  146, 
147 

Outlet  ditches,  234 
Overheating  automobile  engine,  38 
Oversize  tires,  40 

Owners  and  operators  of  tractors,  61 

Packer,  Subsurface,  82 
Packing  and  keeping  the  ice,  448 
Packing  stores  in  cold  storage,  452 
Pails,  Milk,  140 

Painting  a buggy,  18;  concrete  surfaces,  282; 
wagon,  10 

Paints  and  painting,  295 

Parallelogram,  Computing  area  of,  229 

Partitions  in  poultry  house,  423 

Pasteurizer,  139 

Patterns  for  casting  metal,  292 

Pea  and  bean  attachment  of  planter,  90 

Pea  and  bean  threshers.  111 

Peanut  attachment  for  planters,  91 

Pebble-dash  concrete  surfaces,  282 

Pebbles,  274 

Phaeton,  15 

Picker,  Corn,  106 

Pickers,  Cotton,  107 

Pit  silo,  461 

Pivot-frame  and  pivot-axle  cultivators,  82 
Plank  construction  of  bam,  375 
Plank-truss  construction  of  bam,  377 
Planning  the  drainage  system,  239;  the  farm- 
stead layout,  306 

Planter,  89;  clutch  on,  89;  fertilizer  attach- 
ments to,  90;  pea  and  bean  attachment  to, 
90;  peanut  attachment  for,  91;  potato, 
how  it  works,  92;  round-hole  versus  edge- 
selection  plate  for,  88;  testing  the,  89 


Plantere,  88;  and  transplanters  for  garden,  126; 

cotton,  90;  potato,  92;  single-row,  90 
Plant-setting  machines  for  garden,  127 
Plastering  lath,  571 

Plow,  72;  classifications,  72;  construction  of, 
73;  middle  breaker,  74;  scouring,  73; 
subsoil,  76;  sulky  and  gang,  adjustments,  77 ; 
walking,  73 

Plowing,  Correct  engine,  78;  tractor  for,  63 
Plows,  72;  construction  of  frame  riding,  74; 
disc,  76;  gang,  75;  moldboard,  72;  reversi- 
ble or  hillside,  75;  sizes  and  types  of,  to  use, 
76;  small  moldboard,  74;  sulky,  74;  tractor 
gang,  75 
Plumb  line,  224 

Plumbing,  354;  fixtures,  355;  pipe,  356;  re- 
quirements, 356;  soil  fixtureslm,  354;  soil 
pipe  in,  354;  soil  stack  in,  354;  systems  of, 
355;  terms  in,  354;  trap  in,  354;  vent  pipe 
in,  355;  vent  stock  in,  355;  waste  fixtures 
in,  355;  waste  pipe  in,  355;  waste  stack  in, 
855 

Plunger  pumps,  163 

Pneumatic  system  for  water  supply  of  farm- 
house, 352 

“Pocketing”  the  air  in  icehouse,  448  x 

Points  of  a good  car,  31 
Points  of  a good  truck,  46 
Pole  saw,  122 
Portable  saw  rig,  122 
Portable  sprinkler  systems,  257 
Portland  cement,  273 
Position  of  power  plant,  46 
Posts,  Concrete,  286 
Potato  digger,  Riding,  107;  walking,  107 
Potato  planter,  how  it  works,  92;  single-  and 
two-row,  92 

Poultry  buildings,  Farm,  418;  for  special 
purposes,  426;  incubator  cellar  in,  426 
Poultry  house,  310;  cloth-front  type  of,  425; 
colony,  427;  comfort  essential  to,  418; 
convenient  location  essential  to,  418; 
droppings  platform  in,  422;  essentials  of  a, 
418;  fioors  of,  422;  height  of,  420;  interior 
arrangement  of,  422;  height  in,  420,  424; 
long,  428;  materials  of,  424;  Missouri,  423, 
424;  nests  in,  422;  open-front  ventilation  of, 
421;  partitions  in,  423;  roosting  closets  in, 
423;  roosts  in,  422;  sheet-roof,  bill  of 
materials  for,  425;  size  of,  420;  tight  walls 
necessary  to,  421;  ventilation  of,  420,  424; 
water  stands  in,  423;  width  of,  420 
Poultry  houses,  Cost  of,  426;  types  of,  423 
Power  and  power  machinery  on  farm,  152 
Power  corn  shelters.  112 
Power  dental  float  for  horses,  394 
Power  for  hay  press,  115 
Power  hoist  for  hay  in  barn,  386 
Power  machinery,  162;  care  of,  164;  on  farm, 
159;  real  value  of,  159 

Power  of  men  and  animals,  Machines  for  in- 
creasing, 154 
Power  on  the  farm,  151 
Power  transmision  on  binder,  100 
Power,  water,  on  the  farm,  173 
Power,  what  it  is,  153 
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Practical  blasting  methods,  800 
Practical  considerations  in  irrigation,  249 
Practical  farm  drainage,  232 
Practical  farm  irrigation,  246 
Practical  farm  surveying,  222 
Practical  problems  for  the  farmer,  227 
Preparing  sidehills  for  irrigation,  247 
Press  drills,  95 

Prices,  weights,  and  cost  of  tile  laying,  253 
Principles  in  selecting  style  of  house,  323 
Principles  of  farm  blasting,  299 
Principles  of  irrigation  practice,  246 
Principles  of  tile  drainage,  236 
Privies  for  farmhouses,  357 
Problems  in  choosing  farmhouse  site,  315 
Problems  in  using  a level,  230 
Profile  leveling,  230 
Profits  from  drainage,  245 
Proportional  cost  of  farmhouse,  322 
Protecting  finished  concrete  work,  281 
Protection  against  fire,  365 
Pulleys,  158 

Pump  for  overhead  irrigation,  255 
Pumping  irrigation  water,  248 
Pumping  the  water  supply  by  electricity,  200 
Pumps,  163;  centrifugal,  164;  for  wells  for 
farmhouse,  351;  plunger,  163;  rotary,  164; 
spray,  145 

Putting  the  tractor  to  work,  62 


duality  of  concrete  aggregates,  275 
Quantity  of  water  required  for  making  con- 
crete, 278;  for  irrigation,  249 


Radiators  in  hot-water  heating,  343 
Rake,  Dump,  98;  side-delivery,  99;  sweep,  99 
Rakes  for  the  garden,  130 
Ram,  Hydraulic,  176,  351 
Range,  Electric,  202 
Range  poles  in  surveying,  223 
Ratproofing  a granary,  433 
Reach  of  buggy,  17;  of  wagon,  9 
Reaper  or  self-rake,  102 
Rear  axles  of  automobile,  36 
Reasons  for  using  a tractor,  55 
Recleaning  shelled  corn,  113 
Records,  Drainage,  243 
Rectangles,  Computing  area  of,  229 
Refrigerating  tank  in  cold-storage  houses,  451 
Refrigeration,  Artificial,  451;  by  electricity, 
201 


Regulating  fineness  in  grinding  mill,  120 
Reinforcing  concrete,  282 
Repair  shop  in  implement  shed,  436 
Repair  work  on  farm,  General,  289 
Repairing  oast  iron,  290;  floore  and  founda- 
tions, 295 

Rep&irB  to  machinery,  161 

Requirements  of  good  farm  buildings,  361; 

of  implement  sheds,  434 
Reservoir  storage  in  irrigation,  252 
Residence,  Farm,  310 

Reversible  disc  harrows,  79;  (or  hillside) 
plows,  75 

Rrateg  potato  digger,  107 


Road,  Base  of,  269;  drainage  of,  245;  founda- 
tion of,  269;  how  to  choose  kind  of,  262; 
subgrade  of,  269;  Telford,  270;  wearing 
surface  of,  269 

Road  making,  Bitumen  in,  271;  sprinkling 
method  in,  271 

Road  work  with  dynamite,  304 
Roadbed  and  side  ditches  kept  clean,  272 
Roads,  Building  and  care  of  farm,  262;  chert, 
267;  construction  of,  265;  drags  for,  271; 
drainage  of,  263;  earth,  265;  earth-and-oil, 
271;  founclations  for,  266;  gravel,  267; 
high  grade,  269;  location  of,  264;  mainte- 
nance of,  271;  rock,  268;  sand-clay,  266; 
sand-straw,  265;  shell,  267;  slate,  267; 
surface  drains  for,  263;  underdrains  for, 
264 

Rock  roads,  268 
Rockaway  carriage,  15 

Rollers  and  packers,  Hand,  80;  corrugated, 
81 

Rolling  ahead  of  com  planter,  81;  spring- 
sown  grain,  81;  winter  wheat  and  other 
grain,  81 

Roof  of  granary,  433;  of  hay  bam,  430;  of 
icehouse,  448;  of  implement  shed,  437 
Roofing,  Grooved,  370 
Roosting  closets  in  poultry  house,  423 
Roosts  in  poultry  house,  422 
Rotary  pumps,  164 
Roughage  cutters,  121 
Rubbed  concrete  surfaces,  281 
Rust  and  weathering  of  farm  implements,  216 

Safety  in  barn,  401 
Sand,  274,  367 
Sand-clay  roads,  266 
Sand-straw  roads,  265 
Sanitation  in  bam,  401 

Saving  shelled  corn  in  husker  and  shredder, 
119 

Saw,  Pole,  122 
Saw  rig.  Portable,  122 
Saws,  Wood,  122 
Scales,  Milk,  140 

Screening  materials  for  concrete,  274 
Seat,  Buggy,  17 

Seating  arrangement  in  automobiles,  35 
Secret  of  keepmg  ice,  445 
Seed  drills  for  garden,  126 
Seed  sowers  for  small  plots,  127 
Seeders,  Broadcast,  96;  end^gate,  96 
Selecting  a buggy  or  carriage,  19;  a farm- 
house site,  315 

Self-feeder  for  com  husker  and  shredder,  118; 

for  com  sheller,  112 
Separation  in  com  sheller,  113 
Separators,  Centrifugal  cream,  134;  grain,  108 
Septic  tanks  for  farmhouse,  858 
Serviceability  of  bam,  402 
Setting  up  forms  for  concrete,  280 
Setting  up  the  level  in  surveying,  226 
Sewage  disposal,  356;  by  bacterial  action,  358; 

in  farmhouse,  356 
Sewage,  from  creamery,  859, 860 
Starts  and  poise,  Fuggy,  17 
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Shaker  rack  of  com  busker  and  shredder,  119 
Shale  roads,  267  1 

Shape  of  granary,  432;  of  silo,  465 
Shed,  Good  machine,  218 
Shed,  Implement,  434;  doors  of,  437;  framing 
of,  437;  interior  arrangement  of,  436;  loca- 
tion of,  434;  materials  for,  435;  repair  shop 
in,  436;  requirements  of,  434;  roof  of,  437; 
size  of,  435 

Sheep,  Fattening  shed  for,  411 ; housing  of,  410 

Sheep  bam.  General,  410 

Sheep-docking  irons,  395 

Sheep-shearing  machines,  393 

Sheet-metal  work,  292 

Shell  roads,  267 

Shelters,  Com,  112 

Shelter  for  farm  implements,  218;  for  motor 
truck,  50 

Ship-lap  bam  siding,  370  * 

Shop,  The  farm,  219  * 

Shovel  versus  surface  cultivators,  84 
Shredder  head  of  com  husker  and  shredder, 
118 

Shredders,  Com,  117 
Shrinkage  of  timber,  371 
Side-delivery  rake,  99 
Side  walls  of  icehouse,  447 
Siding,  Types  of,  370 

Silage  cutters,  116;  care  of,  117;  cutting 
shock  com  with,  117;  knives  on,  116 
Silage,  Weights  of,  at  different  depths,  466, 
467 

Sill-basin,  244 

Silo,  Best  crops  for  the,  465;  care  and  use  of 
the,  462;  care  in  emptying  the,  464;  care  in 
filling  the,  463;  construction  of  the,  455, 
466;  com  for  the,  466;  cowpeas  for  the, 
466;  how  and  why  it  pays  to  use  a,  453, 
454;  Kafir  for  the,  466;  shape  of  the,  455; 
size  and  capacity  of  the,  455;  sorghum  for 
the,  466;  the  concrete,  458;  the  concrete- 
block,  459;  the  Gurler,  460;  the  hollow- 
tile,  459;  the  Minneapolis  or  panel,  461 ; the 
pit,  461;  the  solid  concrete  or  monolithic, 
458;  the  wooden,  456;  the  wooden-hoop, 
457;  the  wooden-stave,  456 
Silos,  Kinds  of,  and  their  construction, 456, 460 
Simplicity  of  automobile,  30 
Single  and  duplex  grinding  plates,  120 
Single-  and  two-row  potato  planters,  92 
Single-row  planters,  90 
Siphon,  The,  178, 179 
Site  for  farm  buildings,  309 
Size  and  capacity  of  icehouse,  445;  of  silo,  455 
Size  and  type  of  tractor  to  buy,  68 
Size  of  farm  that  can  use  a tractor,  60;  of  gas 
engine  required  for  different  tasks,  213; 
of  granary,  432;  of  hay  bam,  430;  of  im- 
plement sheds,  435;  of  milkhouse,  437; 
of  pipes  important  in  hot-air  heating,  341; 
of  poultry  house,  420;  of  drainage  tile,  236; 
of  tractor,  69 

Sizes  and  types  of  plows  to  use,  76 
Sizes  of  main  pipe  for  overhead  irrigation, 
257 ; of  pipe  for  nozzle  lines  m overhead  irri- 
gation, 267 


Slap-dash  concrete  surfaces,  282 
Slate  roads,  267 
Sleds,  Modem,  12 

Small  hand  tools  for  garden  work,  131 
Small  moldboard  plows,  74 
Small-grain  harvesters,  100;  header,  102 
Snappmg  rolls  of  com  husker  and  shredder, 
118 

Soil,  Bearing  power  of,  367;  machines  for 
tilling  the,  72 

Soil  conditions  for  farm  buildings,  308 
Solid  or  monolithic  silo,  458 
Sorel  stone  flooring,  295,  296 
Sorghum  for  the  suo,  466 
Source  of  water  supply  for  irrigation,  249 
Sources  of  electric  current  for  gas  engines,  213 
Spacing  and  depth  of  tile,  236 
Spade  and  spading  fork  for  garden,  130 
Special-purpose  barns,  396 
Spray  or  overhead  irrigation,  254 
Sprayers,  146;  hand-power,  146,  149;  potfrer- 
dnven,  145 

Spraying  crops,  Machines  for,  144 
Spraying,  Dry,  160 

Spraying  equipment  for  field  crops,  148; 

for  small  fruits  and  field  crops,  148 
Spraying  machine,  Accessibility  of  parts  of, 
146;  convenience  of,  145;  good  pressure 
necessary  in,  145;  reliability  of,  144;  re- 
pairing a,  145;  requisites  of,  144 
Spraying  necessary  to  success,  144 
Spraying,  Outfits  for  orchard,  146,  147 
Springs,  Automobile,  35;  buggy,  17 
Springs  as  water  source  for  farmhouse,  349 
Spring-tooth  harrows,  78 
Sprinkler  systems,  Portable,  257 
Sprinkling  method  in  road  making,  271 
Stackers  and  blowers  on  min  separator,  109 
Stairways  in  farmhouse,  333 
Stallion  and  mare  bam,  413 
Stalls,  Size  of,  for  cows,  389;  for  horses,  413; 

steel,  388 
Stanchions,  388 
Standardizing  the  drill,  94 
Starting  troubles  of  automobile  engine,  38 
Stay-bracing  the  bam,  376 
Steam  engine,  180, 183;  starting  and  stopping 
the,  187 

Steam-heating  systems  for  farmhouse,  341 
Steam-plant  troubles,  187 
Steel  silo,  461 

Steering  gear,  Automobile,  35 
Steps,  Concrete,  288 
Sterilizers,  Milk,  142 
Stock,  Watering,  383 
Stone,  Broken,  274 

Stone  construction  for  farmhouse,  330;  ma- 
sonry, 368 
Stone-boat,  6 
Stools,  Milk,  141 
Stopping  leeks  in  concrete,  296 
Storage  and  work  buildings,  429 
Storage  facilities  of  bam,  403 
Storage  of  water,  169;  without  ice,  451;  places 
for  farm  implements,  218 
Stoves  for  heatmg  farmhouse,  340 
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Strainers,  Milk,  141 

Straw  conveyors  and  racks  on  grain  separator, 
109 

Strength  of  an  automobile,  30;  of  a wagon,  7 

Stucco  construction  for  farmhouse,  330 

Stump  blasting,  301 

Styles  of  furrow  openers,  98 

Subgrade  of  road,  269 

Subsoil  blasting,  303 

Subsoil  plow,  76 

Subsurface  packer,  82 

Sulky  and  gang-plow  adjustments,  77 

Sulky  plows,  74 

Sulky,  Trotting,  16 

Surface  cultivator,  83 

Surface  drainage,  233 

Surface  drains  for  roads,  263 

Surrey,  16 

Surveying  chain,  Errors  made  with,  224 
Surveying,  Practical  farm,  222;  bubble  tube 
in,  226;  carpenter’s  level  for,  226;  chain  and 
tape  in,  223;  compass  for,  224;  instruments 
used  in,  222;  level  rods  for,  226;  marking 
or  chaining  pins  in,  223;  plumb  line  in,  224; 
range  or  nag  poles  in,  223;  tapes  in,  223; 
the  farm  layout,  228;  transit  in,  226;  using 
chain  or  tape  in,  227;  water  level  in,  226 
Surveys,  land,  Systems  of,  226 
Suspension,  Three-point,  40 
Sweat  pads,  23 
Sweep  rake,  99 

Sweep-power  grinding  mill,  119 
Swine  house,  community,  Advantages  of, 
404;  community,  disadvantages  of,  406; 
community  versus  movable,  404;  half- 
monitor, 406;  Iowa  community  sunlight, 
406;  modified  community  gable-roof,  406; 
movable,  406;  round,  406;  shed-roof,  406 
Swine,  Housing  of,  403 
Systems  of  land  surveys,  226 


Tables  of  concrete  mixtures,  277 

Tailings  auger  on  grain  separator,  109 

Tamping  dynamite,  298 

Tandem  disc  harrows,  79 

Tanks,  Concrete,  286 

Tanks,  Windmill,  169 

Tapes  in  surveying,  223 

Tapping  and  threading  metal,  292 

Tapping  the  ice,  446 

Tedders,  Hay,  99 

Teeth  nippers  for  livestock,  396 

Telford  road,  270 

Temperature  maintained  in  cold-storage 
houses,  461 

Terraces,  Drainage,  233 
Testers,  Milk  sediment,  140 
Testing  the  plants,  89 

Things  to  remember  in  planning  farmhouse, 
331 

Three-  and  four-plow  tractors,  69 
Threshers,  Pea  and  bean,  111 
Threshing  crops,  Machines  for,  97 
Ties  and  spacers  for  concrete.  280 
Tight  walls  necessary  in  poultry  house,  421 


Tile,  Blinding  the,  240;  cost  and  weight  of, 
240, 243;  cost  of  excavating  and  laying,  243; 
digging  the  ditch  for,  239;  drainage,  236; 
drains,  care  of,  240;  kinds  of,  243;  laying, 
239;  size  of,  236;  spacing  and  depth  of,  236 
Tilting  or  sliding  frame  for  wood  saws,  122 
Timber,  371 ; shrinkage  of,  371 
Time  of  mixing  concrete,  278 
Timer,  40 

Tires,  7;  automobile,  36,  37 
Toaster,  Electric,  202 
Tongue  trucks,  Harrow,  80 
Tongues,  9, 40 

Tooled  concrete  surfaces,  282 
Tools,  A few  don’ts  about,  290;  edged,  should 
be  kept  sharp,  131;  for  farm  repair  work, 
289;  for  fining  the  soil  and  preparing  the 
seedbed,  124;  for  working  in  wood,  289; 
for  working  the  ground,  123;  for  working 
with  metals,  290;  hand,  123;  required  for 
concrete,  276;  required  for  ice  harvesting, 
447;  use  of,  290 
Top,  Buggy,  18 

Topopaphic  conditions  and  farm  buildings. 
Traction  members,  70 

Tractor,  66;  advantage  of,  over  horse,  58; 
and  better  farming,  55;  and  farm  labor,  56; 
and  larger  farms,  57;  and  the  horse,  57;  and 
the  horse-raising  industry,  58,  59;  belt 
work  with,  67;  conditions  that  make  the, 
practical  and  economical,  59;  cultivating 
with,  66;  disc  harrows,  80;  field  uses  for, 
64;  fitting  and  seeding  with,  64;  for  plowing, 
63;  gang  plows,  75;  getting  results  with, 
67 ; grain  harvesting  with,  66;  haying  with, 
65;  management,  67;  "man  behind”  the,  67, 
motor,  70;  must  be  properly  cared  for, 
68;  number  of  wheels  on,  70;  putting  the, 
to  work,  62;  reasons  for  the,  55;  size  and 
type  of,  to  buy,  68,  70;  size  of,  69;  size  of 
farm  for,  60 

Tractors,  Owners  and  operators  of,  61;  three- 
and  four-plow,  63;  types  of,  70 
Trailers,  What  they  are  and  how  to  use  them, 
53 

Transit  in  surveying,  226 
Transmission,  32;  gear  of  windmill,  169; 
of  power  in  automobile,  82;  planetaiy,  41; 
selective,  41 
Transplanters,  91 
Trapezoid,  Computing  area  of,  229 
Tread,  Automobile,  41 
Treadmill,  What  it  is,  158 
Trees  about  farmhouse,  321 
Trees,  Dynamiting  soil  before  planting,  302 
Triangles,  Computing  area  of,  229 
Troughs,  Concrete,  285 
Truck,  Choosing  a,  43 
Two-row  cultivator,  82 
Two-stroke-cycle  engines,  210 
Type  of  farming  affects  farm  buildings,  308; 
of  farming  for  tractor,  60;  of  tractor  to 
buy,  70 

Types  and  parts  of  internal-combustion  en- 
gines, 210;  and  sizes  of  trucks,  45;  and  sizes 
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of  wagons,  11;  of  cold-storage  houses,  451; 
of  pleasure  vehicles,  15;  of  poultry  houses, 
423;  of  sprayers,  145;  of  tractors,  70;  of 
trucks  and  their  cost,  45 


Underdrain&ge,  236;  history  of,  236;  of  ice- 
house, 447 

Underdrains  for  roads,  264 
Universal  joint,  41 

Unnecessary  use  of  vehicles  means  expense,  29 

Use  and  care  of  farm  harness,  20 

Use  clean  materials  for  concrete,  275 

Use  of  the  forge,  291 ; of  tools,  290 

Use  porches  on  farmhouse,  332 

Using  chain  or  tape,  227 

Vacuum-vapor  system  of  heating  farmhouse, 
342 

Value  of  grading  seed  corn,  88 
Valve  action  of  gas  engines,  213 
Valves,  Engine,  211 
Varnish  on  ouggy,  Care  of,  19 
Veering  devicesTor  windmill,  168 
Vehicles,  Horse-drawn  pleasure,  14;  types  of, 
15;  work,  5 

Ventilation,  Abundant,  for  barn.  400;  Howitt 
system  of,  381;  importance  of  proper  dues 
in,  382;  King  system  of,  381,  400;  Massey 
system  of,  381;  of  cold-storage  houses,  451; 
of  farm  buildings,  380;  of  Icehouse,  448; 
of  poultry  house,  420,  424;  Rutherford  sys- 
tem of,  381,  400;  systems,  381 
Ventilation  flues  for  braced-rafter  barns,  377 
Vertical  drains,  244 
Vertical  or  plain-lift  mower,  98 
Victoria  (carriage),  16 
Volt,  193 
Voltage,  193 
Voltmeter,  193 

Wagon,  6;  axle,  8;  bolsters,  9;  box,  9;  brakes, 
10;  construction,  materials  for.  6;  gears,  9; 
loading  of,  13;  lock  chains,  10;  low-wheeled, 
12;  lubrication  of,  11;  painting  the,  10; 
reach  of,  9;  springs,  10;  strength  of  a,  7; 
tires,  7;  tongues,  9;  track,  width  of,  10; 
underhung,  12;  wheels,  6, 8 
Wagons,  6;  draft  of,  6;  spring,  12:  standard- 
ization of,  13;  types  and  sizes  of,  11 
Walking  plow,  73 
Walking  potato  digger,  107 
Walks,  Concrete,  284 
Walls  of  hay  barn,  430 
Wash  sinks,  143 
Washers,  Milk  bottle,  143 
Washing  aggregates  for  concrete,  275 
Washing  and  ironing  by  electricity,  200 
Washing  and  scrubbing  concrete  surfaces, 
282 

Washroom  for  men  in  farmhouse,  336 
Water,  174;  quantity  required  for  one  horse- 
power, 174;  siphon  for,  178, 179;  storage  of, 


169;  storage  of,  for  bam,  382;  tanks,  169, 
383;  wheels,  174 

Water  and  time  required  for  overhead  irri- 
gation, amount  of,  258 

Water  bowls,  Automatic,  for  cattle,  384; 

gravity,  for  cattle,  384 
Water  flow,  173 
Water  gates  in  irrigation,  252 
Water  level  in  surveying,  226 
Water  power,  173;  “head”  in,  173;  plants, 
cost  of,  175 

Water  pressure  in  overhead  irrigation,  255 
Water  supply,  349;  for  farmhouse,  349; 

required  for  one  gallon  per  minute,  177 
Water  systems  for  the  bam,  382 
Watering  stock,  383 
Waterproofing  concrete  surfaces,  282 
Watt,  193 

Wearing  surface  of  road,  269 
Weeders,  84;  and  weeding  machines  for 
garden,  127 

Weight  of  automobile.  29;  of  farm  products 
per  cubic  foot,  374;  of  silage  insiloat  different 
depths,  467 

Wells,  350;  as  water  supply  for  farmhouse, 
350;  drainage,  244;  relief,  or  collecting 
basins,  244 

Wetting  or  oiling  forms  for  concrete,  280 
What  a truck  can  haul,  54 
What  trailers  are  and  how  to  use  them,  53 
Wheat,  winter,  Rolling,  81 
Wheel  bearings,  7 
Wheel  of  windmill,  168 
Wheelbase,  41;  automobile,  35 
Wheels,  8;  buggy,  16;  care  of,  11;  wagon, 
height  of,  6;  water,  174 

Where  concrete  reinforcing  is  necessary, 
283 

Whey  tank  and  its  care,  442 

Whv  motor  truck  is  displacing  horse,  44 

Width  of  poultry  house,  420 

Width  of  wagon  track,  10 

Wind  velocities,  168 

Windmill,  167;  automatic  regulating  device 
for,  169;  care  of  the,  172;  cost  of,  171; 
desirable  features  of,  170;  modem,  168; 
old-type,  168;  protection  in  winter,  171; 
transmission  gear  of,  169;  veering  devices 
in,  168;  wheel,  168 

Windmills,  167;  advantages  of,  167;  home- 
made, 172 

Windows  and  outside  doors  of  farmhouse, 
337 

Wing  dams  in  irrigation,  251 

Wood  construction  of  farmhouse,  328 

Wood  saws,  122;  design  of,  122;  electric,  201; 

tilting  or  sliding  frame,  122 
Wooden-hoop  and  wooden-stave  silos,  466, 
457 

Work  is  done  only  by  expending  energy,  152 
Yarding  essential  in  poultry  raising,  419 
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Acetylene  generators,  347,  348 
Add  bottle  and  pipette,  Combined,  182 
Acme  harrow,  79 

Auger,  Soil,  for  placing  dynamite,  304 
Automobile  chassis,  Light,  39 
Automobile  drive,  Types  of,  32 
Automobile  electric  starting  and  lighting  sys- 
tem, 36 

Automobile  engine,  Four-cylinder,  29,  30 

Automobile  engine,  Six-cylinder,  28 

Automobile  feed  system,  Typical  vacuum,  36 

Automobile  rear  axle,  31 

Automobile  touring  car,  Top  view,  41 

Automobile  useful  on  farm,  38 

Automobile,  Wagon  hitched  to,  45 

Ax,  Grinding  by  hand  and  electridty,  193 

Axle,  Automobile  rear,  31 

Axle,  carriage,  Dust-proof,  17 

Axle  of  I-beam  construction,  6 

Axle  reinforcement,  6 

Axle  roller  bearing,  Parts  of,  7 

Axles,  Three  types  of  skeins  for  wagon,  9 

Bagging  elevator  for  power-driven  mill,  120 

Bato,  engine-driven  hay,  116 

Baler,  hay,  Driving  equipment  of  power,  116 

Baler,  hay,  horse-driven,  115 

Barn,  Bank,  417 

Barn,  Bank,  End  framing  of,  362 
Bam,  Combination  horse  and  dairy,  414 
Bam,  dairy,  Section  of,  407 
Bam,  Detail  of  end  of,  369 
Bam,  End  framing  of,  367,  875 
Bam,  Feeding,  for  beef  cattle,  410 
Bam  foundation,  Laying  out,  228 
Bam  framing,  Details  of  heavy  timber,  366 
Bam  framing,  Intermediate  type  of,  365 
Bam,  General  dairy,  Floor  plan  of,  407 
Bam,  General-purpose,  for  beef  cattle,  Plan 
of,  409 

Bara,  Hay,  Common  type  of,  430 

Bam,  Hay,  Section  of,  430,  431 

Bara,  Plank-truss,  Section  of,  376 

Bam,  Plank-truss,  Side  elevation  of,  376 

Bam,  Round,  Plan  of,  417 

Bam,  Section  of, ‘showing  mow  space,  368 

Bara,  Sheep,  Plan  of,  411 

Bam,  Single-story  dairy-cattle,  378 

Bam,  Stallion  and  mare,  Plan  of,  412 

Bam  window,  construction,  381 

Barns,  Combination  dairy  and  storage,  380 

Barrel,  Wheeled  slop,  394 

Basin,  Combined  silt  and  inspection  basin,  244 

Bathroom,  Modem,  360 

Battery  and  magneto  connection,  209 

Bean  and  pea  thresher,  111 

Bearings  of  different  lands,  165 

Belt,  Lacing  a,  161 

Binder,  Com,  106 

Binder  left  in  field,  216 

Bits,  Types  of,  21 

Blasting  a ditch,  Diagram  of,  302 

Boulder,  Before  and  after  dynamited,  302 

Boulder,  Three  ways  to  blast,  301 

Bowline  knot,  297 


Brake  levers.  Three  types  of,  10 
Brake,  prony.  One  form  of,  186 
Brakes,  Wagon,  10 
Bridge,  Dangerous  and  unsightly,  268 
Brooder  house.  Good  farm,  426 
Brooding  system.  Modem  hot-water,  427 
Buggy,  17 

Building  placed  north  and  south  receives 
most  sunlight,  400 

Bull  pens,  Elevation  and  plan  of,  408 
Buncher  and  tier,  Vegetable,  130 
Bungalow  type  of  farmhouse,  325,  326 
Burglar  alarm  on  poultry  house.  Electric,  428 
Butter  lost  in  separating  milk,  133 
Butter  worker.  Simple  farm,  133 

Cans,  Milk,  132 
Carriage  body,  Piano-box,  18 
Carriage  couplers.  Two  types  of,  18 
Carriage  shaft,  Braced,  18 
Cart,  Plantation  or  dump,  11 
Cattle,  beef,  Plan  of  feeding  bam  for,  410 
Cattle,  Feeding  bunk  for,  402 
Cattle-feeding  bunk,  Sheltered,  453 
Cattle,  Individual  drinking  bowls  for,  384 
Cellar,  cold-storage.  Iceless,  451 
Cellar,  Frostproof  root,  273 
Cellar  plan  of  prize  farmhouse,  336 
Cellar,  potato.  Earth-covered,  452 
Cellar,  Root  and  fruit.  Concrete,  288 
Cement  sidewalk  construction,  Details  of,  274 
Chariot,  Early  French  state,  14 
Chassis,  Automobile,  39 
Checking, Diagram  of  good  com  hill,  90 
Cheese,  Apparatus  for  pressing,  143 
Cheese  molds,  Two  types  of,  135 
Chum,  Glass,  for  kitchen  use,  135 
Chum  run  by  electric  motor,  201 
Chum,  Steel,  barrel,  135 
Chum,  Stoneware,  135 
Cistern  with  partition  filter,  350 
Coach,  Geoige  Washington’s  private,  14 
Coach,  President  Lincoln’s  state,  14 
Cold-storage  cellar,  Iceless,  451 
Cold-storage  house  and  icehouse,  Combined, 
449 

Cold-storage  house.  Cross-section  of,  450 
Collars,  Types  of  horse,  22 
Colonial  farmhouse,  Dutch,  320 
Colonial  farmhouse,  New  England,  319 
Colony  poultry  house,  Simple,  426 
Combined  disc  and  cutaway  harrow,  80 
Compass  readings  and  what  they  mean,  224 
Concrete  beam  showing  effects  of  strain,  283 
Concrete-block  icehouse,  445 
Concrete-block  silo,  460 
Concrete  feeding  floor,  Leveling,  275 
Concrete,  fence-post,  Forms  for,  285 
Concrete  foundations,  Double  forms  for,  284 
Concrete  hotbed,  288 
Concrete  manure  pit,  286 
Concrete  mixer,  Engine-driven,  278 
Concrete  mixing  floor,  277 
Concrete  retaining  walls,  Forms  for,  280 
Concrete  root  and  fruit  cellar,  288 
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Concrete,  Screening  sand  for,  277 
Concrete  silo,  Reinforcing  rods  in,  459 
Concrete  silo,  Solid,  459 
Concrete  steps,  288 
Concrete  work,  Tools  for,  276 
Com  binder,  Skeleton  side  view  of,  106 
Com  crib  and  granary,  Combined,  433 
Cora  crib,  Hollow-tile,  432 
Cora  crib,  Well-built  slat  type  of,  429 
Corn  husker  and  shredder,  Husking  rolls  in,118 
Corn  husker  and  shredder,  Section  of,  118 
Cora  listing,  Plan  for  tractor,  69 
Corn  planter,  Hand,  127 
Com  sheller,  Hand-power,  112 
Com  sheller,  Power-driven,  113 
Cora  shredder,  117 
Com  stalks,  Burning,  455 
Corn  stalks,  Hauling,  in  the  snow,  455 
Cotton  planter.  Single-row  riding,  91 
Coupling,  trucks.  Device  for,  54 
Cow  stall  and  metal  stanchion,  388 
Cream  separator  bowl,  Section  of,  134 
Cream  separator,  Hollow  bowl  of,  134 
Cream  separator,  Interior  of  disc  type  of,  134 
Creamery,  Floor  plan  of,  441 
Crops,  Tractor  used  in  harvesting,  56 
Cultivator,  One-horse,  82 
Cultivator,  One-horse  adjustable,  128 
Cultivator,  Riding,  with  smoothing  attach- 
ments, 84 

Cultivator,  Steel-frame,  disc,  riding,  83 
Cultivator,  Two-row,  riding,  83 
Cultivator,  Two-row,  tractor,  59 
Culvert,  Dilapidated  and  dangerous,  264 
Culvert  easy  and  cheap  to  build,  263 
Cutter  and  feed  grinder,  Combined,  120 
Cutter,  Complete,  ensilage,  116 
Cutter,  Rotary  feed,  121 
Cutter,  Simplest  type  of  hand-feed,  121 

Dairy  house,  Floor  plan  of,  440 

Dairy  products,  Scale,  for  use  in  testing,  140 

Dairy  wash  sink  with  bottle  brush,  143 

Dam,  Canvas,  in  place,  252 

Dam,  Rough  stone,  176 

Dam,  Stone,  in  road  ditch,  264 

Dams,  Wing,  for  tapping  a large  stream,  251 

Deep-tilling  machine  of  double-disc  type,  76 

Digger,  Potato,  with  gatherer,  107 

Ditch,  Blasting  a,  302 

Ditch,  Bringing,  to  grade  by  line  and  gauge 
rod,  239 

Ditch  drainage,  Cross  section  of,  233 
Ditch  drop,  Small  wooden,  252 
Ditch  drop  under  road,  253 
Ditch,  Filling,  with  plow,  243 
Ditch,  irrigation,  Using  the  scraper  in  making 
an,  246 

Ditch,  outlet,  Large,  234 
Ditch,  Surface,  combined  with  underdrain,  233 
Ditch,  Surface  outlet,  dug  by  dynamite,  302 
Ditching  machine,  Gasoline-driven,  caterpil- 
lar-tread, 162 

Ditching  plow  for  stiff  soil,  240 

Dog  power,  Home  made,  159 

Drag,  Plank  for  road,  272 

Drag,  Split-log  road,  272 

Drag,  Terrace,  used  in  hillside  irrigation,  247 

Dram,  Elevation  of  outlet,  237 


Drain  outlet  based  on  high-water  level,  287 
Drain  outlet,  Concrete  bulkhead  of,  237 
Drain,  Types  of,  236 
Drain,  Vertical,  as  outlet  for  lateral,  244 
Drainage  stimulates  deep  root-development, 
232 

Drainage  system,  Map  of,  238 
Drainage,  Tile,  Systems  of,  238 
Drainage  well,  Stone,  245 
Drainage  well,  Sunken,  245 
Drainage  well  to  bring  water  from  below,  245 
Drainage  work,  Hand  tools  for,  240 
Draining  bottom  land,  Economical  method 
of,  239 

Drains,  Joining,  main  and  lateral,  240 
Drains,  Types  of,  236 

Drill,  Hand,  for  boring  pipe  in  overhead  irri- 
gation, 258 
Drill,  Press,  95 
Drill,  Single-disc,  grain,  93 
Drill,  Smallest  type  of  seed,  127 
Drills,  seed,  Tractor  hitch  for,  64 
Drinking  bowls  for  cattle,  Individual,  384 
Dump  cart,  Plantation  or,  11 
Dynamite  a boulder,  Three  ways  to,  301 
Dynamite,  Box  for  canying,  299 
Dynamite  cartridge  with  cap,  300 
Dynamite  charge,  Properly  tamped,  298 
Dynamite,  Ditch  dug  by,  302 
Dynamite  electric  blasting  cap,  300 
Dynamite  fuse  and  caps,  299 
Dynamite  placed  under  stump,  300 
Dynamite,  Soil  auger  for  placing,  304 
Dynamite,  Stream  straightened  by,  302 
Dynamite,  Two  ways  of  distributing,  under 
tap-rooted  stump,  301 

Dynamite,  under  stump,  Making  hole  for,  301 
Dynamited  boulder,  before  and  after  ex- 
plosion, 302 

Dynamiting  a ditch,  302 
Dynamiting  before  tree  planting,  303 

Electric  lamps  for  farm  lighting,  199,  200 
Electric  lantern,  198 

Electric  lighting  plant  for  farmhouse  and 
barns,  196 

Electric  motor  for  churn,  201 
Electric  motor  for  sewing  machine,  192 
Electric  power  plant  run  by  water,  194 
Electric  soldering  iron,  201 
Electric  starting  and  lighting  system.  Auto- 
mobile, 36 

Electric  washing  machine,  191,  201 
Electrically  heated  incubator,  195 
Electricity  in  the  home,  188 
Elevator,  Bagging,  for  power-driven  mill,  120 
Engine,  Four-cylinder,  automobile,  29,  30 
Engine,  Gas,  cylinder,  of,  204, 205 
Engine,  Gas,  How  a 2-cycle,  works,  211 
Engine,  Gas,  piston,  205 
Engine,  gas,  Valve  troubles  in,  211 
Engine,  gas,  Wiring  plans  for,  206 
Engine,  gas,  Workings  of  a 4-cycle,  210 
Engine,  kerosene,  Horizontal,  213 
Engine,  Six-cylinder,  automobile,  28 
Engine,  Stationary,  gas,  203 
Engine,  Stationary,  on  truck,  215 
Engine,  Stationary,  with  governor,  212 
Engine,  Steam,  cylinder  and  valve  of,  184 
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Engine,  Steam,  governor,  185 
Engine,  steam,  Measuring  horsepower  of,  185 
Engine,  steam,  Prony  brake  on,  186 
Engine,  steam,  Section  of  horizontal,  180 
Engine,  Steam,  valve  and  ports,  184 
Engine,  Tractor  as  stationary,  56 
Engine,  Valves  of  gas,  212 
Engine,  Vertical  oil,  of  hotball  type,  214 
Ensilage  cutter,  Complete,  116 

Farm,  Automobile  useful  on  large,  38 
Farm  brooder  house,  Good,  426 
Farm  garage,  Plans  of,  436 
Farm  garage,  Substantial,  fireproof,  278 
Farm  lighting,  Incandescent  lamps  for,  199 
Farm,  Map  of  a,  229 
Farm  roads,  Tractor  caring  for,  57 
Farm  truck,  Heavy,  with  chain  drive,  46 
Farm  wagon,  Typical  heavy,  4 
Farm  water  supply  from,  pneumatic  pressure 
tank,  352 

Farmer  sowing  seed,  71 
Farmhouse  and  bams,  Electric  lighting  plant 
for,  196 

Farmhouse  breakfast  porch,  883 
Farmhouse,  Bungalow  style  of,  325 
Farmhouse,  Cellar  plan  of  prize,  336 
Farmhouse,  Dutch  Colonial,  320 
Farmhouse,  Fireplace  in,  339 
Farmhouse,  Hall-timber,  on  stone  foundation, 
824 

Farmhouse,  Field  stone  with  wood  trim,  321 
Farmhouse,  First  floor  plan  of,  first  prize,  329 
Farmhouse,  Second-floor  plan  of , first  prize,  330 
Farmhouse  for  southern  conditions,  322 
Farmhouse  kitchen  after  reconstruction,  335 
Farmhouse  kitchen  before  reconstruction,  334 
Farmhouse,  New  England  Colonial,  319 
Farmhouse  on  piers,  827 
Farmhouse,  Plan  of  bungalow  type  of,  326 
Farmhouse,  Plumbing  outfit  for,  354 
Farmhouse,  Section  of,  showing  hot-air  sys- 
tem, 341 

Farmhouse  sheltered  by  trees,  315 
Farmhouse,  Spanish  mission  type  of,  823 
Farmhouse,  Stone,  316 
Farmhouse  too  closely  shaded,  317 
Farmhouse,  Trees  around,  308 
Farmhouse,  Unadorned,  318 
Farmhouse,  Unattractive  view  from,  310 
Farmhouse  with  plenty  of  porches,  332 
Farmstead,  Ideal  arrangement  of  on  large 
farm,  309 

Farmstead,  Poorly  arranged,  807 
Farmstead,  Well-arranged,  306 
Farmstead  with  windbreak,  308 
Feed  cutter,  Hand-operated,  121 
Feed  cutter,  Rotary,  121 
Feed  grinder  and  roughage  cutter,  Combined, 
120 

Feed  mill.  Section  of  power-driven,  duplex,  119 
Feeding  bunk  for  cattle,  High,  402 
Feeding  bunk  for  cattle,  Sheltered,  453 
Feeding  floor,  Leveling  surface  of  concrete,  275 
Feeding  rack  for  sheep,  395 
Fence-post,  Forms  for  concrete,  285 
Fertilizer  distributor,  Wheelbarrow,  125 
Field  irrigated  by  lateral  furrows,  251 
Field  measuring,  Notebook  record  of,  223 


Filter  in  cistern,  350 

Filter,  Concrete  water,  350 

Fireplace  in  the  farmhouse,  339 

Fireplace,  Section  of,  340 

Floor  and  chimney  construction,  Unsafe,  327 

Force,  Handy  portable,  291 

Forks,  hay,  Types  of,  386,  387 

Form  for  concrete  foundation.  Double,  279,284 

Form  for  concrete  retaining  wall,  280 

Form  for  mortising  concrete  block,  281 

Form  for  concrete  fence  posts,  285 

Foundation,  Laying  out  a bam,  228 

Furrow  opener.  Types  of,  94 

Garage,  Farm,  Plans  of,  436 
Garage,  Farm,  Substantial  fireproof,  273 
Garden  weeder  with  revolving  teeth,  127 
Gardener,  market,  Motor  truck  for,  42 
Gas-engine  cylinder,  Diagram  of,  204 
Gas-engine  cylinder,  Top  view  of,  205 
Gas-engine  piston,  205 
Gas-engine,  Stationary,  203 
Gas-engine,  Valve  troubles  in,  211 
Gas-engine  valves,  End  and  side  view  of,  212 
Gas-engine,  Wiring  plan  of  make-and-break 
ignition  system  of,  206 
Gas-engine,  Working  of,  2-cyde,  211 
Gas-engine,  Working  of,  4-cycle,  210 
Gas-engine,  Worn  seats  and  valves  in,  211 
Gasoline-driven  ditching  machine,  162 
Gasoline  lighting  plant,  344 
Gasoline  tank,  Underground,  205 
Grain  drill,  Press,  95 
Grain  drill,  Single-disc,  93 
Grain  header,  106 
Grain  reaper,  105 
Grain  seeder,  End-gate,  96 
Grain  seeder,  Wheelbarrow,  96 
Grain  separator,  Modem,  109, 110 
Granary  and  com  crib,  Combined,  433 
Granary  with  grain  elevator,  389 
Grease  cups,  164 

Grinder  and  roughage  cutter,  Combined,  feed, 
120 

Grinder,  feed,  Section  of  power-driven  duplex, 
119 

Grinding  ax  by  electricity  and  by  hand,  193 
Gurler  silo,  460,  461 

Halter,  Safety,  for  mares,  401 
Harness,  Chain,  for  field  work,  24 
Harness,  Double  truck,  25 
Harness,  Extra  heavy  truck,  with  “Boston 
backers,”  23 

Harness,  Light,  single,  buggy,  24 
Harness,  Team,  with  back  pad  and  strap,  22 
Harness  trace  supporter,  20 
Harness  with  parts  named,  25 
Harrow,  Acme,  79 

Harrow,  Combined  disc  and  cutaway,  80 

Harrow  Extension  for  orchards,  80 

Harrow,  Meeker  smoothing,  124 

Harrow,  Reversible  riding  disc,  84 

Harrow,  Spike  or  peg-tooth,  79 

Harrow,  Spike-tooth  for  scratching  road,  262 

Harrow,  Spring-tooth,  79 

Harrow,  Tongueless  disc,  80 

Harvester  driven  by  small  engine,  102 

Harvesting  ice,  Hand  tools  for,  446 

Hay  baler,  Engine-driven,  115 
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Hay  baler,  Horse-power,  115 
Hay  baler,  power,  Driving  equipment  of,  116 
Hay  barn,  Common  type  of,  480 
Hay  bam,  Double-gambrel  roof,  Section  of,  431 
Hay  bam,  Straight-pitch,  braced-truas,  Sec- 
tion of,  480 
Hay  carrier,  386 

Hay  carrier  and  hoisting  engine,  385 
Hay  fork,  Grapple,  387 
Hay  forks,  Types  of  harpoon,  386 
Hay  rake,  Dump,  99 

Hay  rake,  Side-delivery,  cylinder  type,  99 

Hay  rake,  Side-delivery,  fork  type,  100 

Hay  rake,  Sweep,  101 

Hay  slings,  388 

Hay  tedder,  100 

Header,  Grain.  106 

Heater,  Hot-air,  341 

Hitches,  Tractor,  60,  61,  62,  68,  64,  65,  66 
Hoe,  Heart-shaped,  130 
Hoe,  Scuffle,  with  runners.  131 
Hoe,  Wheel,  and  seed  drill,  Complete,  125 
Hoes,  Wheel,  Single  and  double,  128 
Hoghouse,  A-type  of,  406 
Hoghouse  floor,  Community,  Section  of,  406 
Hoghouse,  Half  monitor,  Floor  plan  and  sec- 
tion of,  405 

Hoghouse,  Iowa  community  sunlight,  899, 
405,  406 

Hoghouse,  Iowa  gable-roof  movable,  408, 406 
Hoghouse,  Modified  gable,  Floor  plan  and 
section  of,  405 

Hoghouse,  Round  community,  Section  of,  405 
Hoghouse,  Shed-roof  community.  Plan  and 
section  of,  405 

Hoghouse,  Tepee  type  of  individual,  404 
Hoghouse  with  double  skylight,  404 
Hog  oilers,  395 
Home,  Electricity  in  the,  189 
Horse  and  dairy  bam,  Plan  of  combination,  414 
Horse  collars,  Several  types  of,  22 
Horse  labor.  Diagram  snowing  how  distrib- 
uted on  corn  belt  farm,  59 
Horsepower  versus  tractor  power,  59 
Horse-sweep  principle.  Stump  puller  on,  154 
Hotbed,  Concrete,  287 
Hot-water  boiler  in  heating  system,  348 
Hot-water  brooding  system,  427 
Hot-water  heating  system,  Diagram  of,  343 
House,  Cold-storage,  Plans  of,  450, 

House,  Dairy,  Floor  plan  of  large,  440 
House  on  wheels,  Scythian,  14 
Husker  and  shredder.  Section  of  com,  118 
Husking  rolls  in  husker  and  shredder,  118 
Hydraulic  ram  and  elevated  storage  tank,  255 
Hydraulic  ram  and  outfit,  177 
Hydraulic  ram,  Diagram  of,  178 
Hydraulic  ram,  Head  and  drive  pipe  of,  179 
Hydraulic  ram  supplying  three  tanks,  177 
Hydraulic  ram  worked  by  impure  water,  178 

Ice  crop,  Harvesting  the,  444 

Ice  harvesting,  Hand  tools  for,  446 

Ice  plow,  Horse-drawn,  446 

Ice,  “Plowing”  the,  447 

Ice.  Removing  snow  from,  446 

Icehouse  and  cold-storage  house  for  farm,  449 

Icehouse  and  cold-storage  house, Combined,  449 

Icehouse,  Concrete  block,  445 


Icehouse,  Modem,  Section  of,  448 
Icehouse,  Partly  underground,  445 
Implement  shed  and  shop,  Combined,  219 
Implement  shed,  Plans  of,  434,  435 
Implement  shed,  Poor,  218 
Implement  shed,  Sensible,  218 
Inclined  plane  and  what  it  does,  The,  157 
Incubator  heated  by  electricity,  195 
Injector,  Steam  engine,  182 
Irrigationbyflooding,  Ricefieldlaid  outfor,248 
Irrigation,  Canvas  dam  in  place  for,  252 
Irrigation  ditch.  Finishing,  with  A-shaped 
scraper,  247 

Irrigation  ditch,  Making,  with  scraper,  246 
Irrigation  from  flowing  wells,  249 
Irrigation,  Hillside  or  terrace.  251 
Irrigation,  Hillside,  Terrace  drag  used  in,  247 
Irrigation  level,  248 

Irrigation,  Leveling  the  surface  for,  246 
Irrigation  methods,  Diagrams  of,  250 

~rrigation!  Overhead,  Doubftfrs&cting  pump 
for,  255 

Irrigation,  Overhead,  Driven  wells  for,  254 
Irrigation,  Overhead,  Handles  for  turning 
nozzle  in,  257 

Irrigation,  Overhead,  Hydraulic  ram  for,  265 
Irrigation,  Overhead,  Nozzle  line  system, 
fittings  in,  256 

Irrigation,  Overhead,  Three  types  of  sprink- 
lers, 257 

Irrigation,  Overhead,  Underground  laterals 
for,  256 

Irrigation,  Overhead,  Water  strainer  for,  254 
Irrigation  reservoir  being  constructed,  252 
Irrigation,  Wooden  division  box  for,  253 
Irrigation,  Wooden  Watergate  in,  253 

Kerosene  engine,  Horizontal,  213 
Kitchen,  Farmhouse,  Poor,  334 
Kitchen,  Farmhouse,  remodeled,  335 
Kitchen  waste  disposal  system,  Simplest,  358 
Knapsack  sprayers,  148, 149 
Knots,  rope,  Square  and  granny,  297 

Lamps.  Incandescent,  200 

Land  clearing,  Pulley  applied  in,  158 

Land,  Draining  bottom,  239 

Land  roller,  Common  metal,  81 

Lantern.  Electric,  198 

Level,  Carpenters,  for  surveying,  225 

Level,  Irrigation,  248 

Level,  Construction  of  homemade  water,  226 
Leveling  device  for  farmer,  225 
Leveling,  Notebook  record  of,  231 
Leveling,  Process  of  profile,  230 
Lever,  The,  How  it  works,  157 
Lighting  plant,  Gasoline,  344 
Lighting  systems,  Acetylene,  347,  848 
Lincohrs,  President,  state  coach,  14 
Lister,  Riding,  92 
Lister,  Single-row  walking,  91 
Lister,  Tractor  hitch  for  2-row,  64 
Livestock,  Movable  shelter  for,  400 

Machine,  Deep-tilling,  76 

Machine  sheds,  Simple  roof  framing  for,  436 

Magneto,  High-tension,  209 

Manure  carrier,  Modern,  392 

Manure  carrier,  Old-style,  392 
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Manure  pit  and  liquid  manure  system,  891 
Manure  pit,  Concrete,  286 
Manure  pit,  Concrete  covered,  879 
Mares,  Safety  halter  for,  401 
Marker,  Adjustable  row,  126 
Melon  vines,  Spraying,  with  double  nozzles,  146 
Metal  silos,  Two  types  of,  461 
Milk  bottle  filler,  Hand,  133 
Milk  cans  for  various  purposes,  132 
Milk,  Containers  for  retailing,  139 
Milk  cooler  and  aerator,  Combined,  136 
Milk  cooling  tank.  Joint  construction  in 
wooden,  136 

Milk  cooling  tank,  Wooden,  136 
Milkhouse,  Floor  plan  of,  438 
Milkhouse,  Good,  438 
Milkhouse,  Plans  of,  439 
Milkhouse,  Poor,  438 
Milk  pails.  Two  types  of,  140 
Milk  pasteurizer,  Power-driven,  139 
Milk  pasteurizer,  Homemade,  136 
Milk  samplers,  132 
Milk  sediment  tester,  Metal,  140 
Milk  sediment  tester,  Section  of,  140 
Milk  sterilizers  for  house  and  farm,  142 
Milk  stools,  Sanitary  metal,  141 
Milk  strainer,  Three  types  of,  141 
Milk  testing,  Add  bottle  and  pipette  for,  132 
Milker,  Two-unit  mechanical,  141 
Milkers,  Pulsating  mechanism  of,  142 
Missouri  poultry  house,  419,  432 
Missouri  poultry  house,  Cross  section  of,  424 
Motor  truck  chassis,  Heavy  shaft-driven,  49 
Motor  truck  chassis,  medium  weight,  47 
Motor  truck  chassis  on  pleasure-car  lines,  48 
Motor  truck  fifth  wheel  for  attaching 
trailers,  60 

Motor  truck  for  livestock  breeders,  43 
Motor  truck  trailer,  Two-wheeled,  64 
Motor  truck  unevenly  loaded,  44 
Motor  truck  with  chain  drive,  46 
Motor  truck  with  convertible  body,  63 
Motor  trucks  for  market  gardener,  42 
Motorcyde  with  sidecar,  27 
Mower,  Modern  vertical  lift,  98 

Nest-box  construction  in  poultry  house,  422 
Nozzle  handles  in  overhead  irrigation,  257 
Nozzle  line  system  for  overhead  irrigation,  256 
Nozzle  spray  systems,  Underground  lat- 
erals and  fittings  for,  256 
Nozzles  must  be  kept  in  line  in  overhead  irri- 
gation, 261 

Nozzles,  Popular  types  of  spraying,  147 

Oil  engine,  Vertical,  214 
Open  front  poultry  house,  420 
Orchard  harrow  extension,  80 
Orchard  terraced  for  irrigation,  251 

Packer,  One  form  of  soil,  81 
Packer,  Two  forms  of  subsoil,  82 
Pails,  Milk,  good,  140 
Pasteurizer,  Homemade,  135 
Pasteurizer,  Power  driven,  139 
Pea  and  bean  thresher,  111 
Phaeton,  16 

Piers  under  farmhouse,  827 
Pipe  bender,  292 
Pit  silo,  462 


Pit  silo,  Apparatus  for  building  and  using,  464 
Pit  silo,  Hoisting  rig  for  digging,  463 
Pit  silos,  and  combined  hoisting  device,  466 
Plank  drag  for  road,  272 
Plant  setter,  127 
Planter,  Com,  Hand,  127 
Planter,  Cotton,  Single-row  riding,  91 
Planter,  horse-drawn,  Single-row  walking,  90 
Planter,  Potato,  Force-feed,  87 
Planter,  Potato,  gravity-feed,  87 
Planter,  Testing  the,  89 
Plow,  Ditching,  for  stiff  soil,  240 
Plow  for  breaking  up  road  surface,  266 
Plow,  Horse-drawn,  ice,  446 
Plow,  Modem,  general-purpose  moldboard,  73 
Plow,  Moldboard,  Bottom  view  of,  74 
Plow,  One-horse  reversible,  124 
Plow,  One-horse  single-shovel,  82 
Plow  properly  adjusted,  217 
Plow,  Riding,  Frameless  lever-lift,  76 
Plow,  Sulky,  Frame-hitch,  foot-lever  lift,  75 
Plow,  Sulky,  furrow  wheel  varied,  217 
Plow,  Three-bottom  tractor  gang,  77 
Plow,  Three-disc  tractor,  78 
Plowing,  Diagram  of  tractor,  68 
Plumbing  outfit  for  farm,  354 
Plumbing  system,  More  elaborate,  355 
Plumbing  system  with  water  from  hand 
pump,  355 

Plumb-bob  and  line,  A-frame  with,  225 
Potato  cellar,  Earth-covered,  452 
Potato  digger  with  gatherer,  107 
Potato  planter,  Force-feed  type  of,  87 
Potato  planter,  Gravity-feed  type  of,  87 
Poultry  house,  Colony,  425 
Poultry  house,  Electric  burglar  alarm  on,  428 
Poultry  house,  Missouri,  419,  423 
Poultry  house,  Missouri,  Cross  section  of,  424 
Poultry  house  nest  box  construction,  422 
Poultry  house,  Open-front,  420 
Poultry  house  roosts,  Arrangement  of,  421 
Porch,  Farmhouse  breakfast,  333 
Power  plant,  Homemade,  159 
Prairie  schooner,  5 
Press,  Farm-made  cheese,  143 
Privy  vault,  Septic  tank  principles  applied 
to,  357 

Pulley  applied  in  land  clearing,  158 
Pulley  combinations,  Types  of,  153 
Pulley,  Compound,  158 
Pulley,  Simple,  158 
Pump,  Barrel  spray,  147 
Pump,  Centrifugal  with  electric  motor,  255 
Pump,  Double-acting  displacement  for  irri- 
gation, 255 

Pump,  Force,  with  air  dome,  163 
Pump,  Single-lift,  163 
Pump,  Sink,  for  water  supply,  351 

Rake,  Dump,  99 
Rake,  Side-delivery,  99,  100 
Rake,  Sweep,  101 
Ram,  Hydraulic,  and  outfit,  177 
Ram,  Hydraulic,  Diagram  of,  178 
Ram,  Hydraulic,  supplying  three  tanks,  177 
Ram,  Hydraulic,  worked  by  impure  water,  178 
Reaper  or  self-rake,  105 
Reinforcing,  of  concrete,  Vertical,  283 
Ricefield  laid  out  for  flooding,  irrigation,  248 
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Right  angle,  How  to  lay  off,  227 
Road,  Cross  section  of,  267 
Road  drag,  Plank,  272 
Road  drag,  Split-log,  272 
Road  drainage  tile  washed  bare,  265 
Road,  How  grade  of,  affects  load,  265 
Road,  rock  or  gravel,  Types  of,  268,  269 
Road,  rock  or  gravel,  Three  steps  in  making, 
267,  270 

Road,  Scratching  surface  of,  with  spiked- 
tooth  harrow,  262 

Road  surface.  Implements  for  breaking  up,  266 

Roads,  Good,  pay  their  cost,  262 

Roads,  Graded  earth,  266 

Rockaway,  16 

Roller  bearing,  165 

Roller,  Common  metal  land,  81 

Roller,  Subsoil,  Two  forms  of,  82 

Roof  and  chimney  Construction,  Unsafe,  328 

Roof  framing  for  machine  sheds,  Simple,  435 

Roosts  in  poultry  house,  Arrangement  of,  421 

Root  cellar,  Frostproof,  273 

Root  development.  Drainage  and  deep,  232 

Rope’s  end,  whipping  a,  297 

Roughage  cutter  and  feed  grinder,  120 

Row  marker,  Adjustable,  126 

Runabout,  17 

Sand,  Screening,  for  concrete,  277 

Saw,  Pole,  122 

Saw,  Sliding-frame,  122 

Saw,  Tilting-frame,  122 

Scales  for  testing  dairy  products,  140 

Scarifier  for  breaking  up  road  surface,  266 

Screw  works  on  inclined-plane  principle,  157 

Scuffle  hoe  with  runners,  131 

Seed  drill,  Smallest  type  of,  127 

Seeder,  End-gate  gram,  96 

Seeder,  Wheelbarrow,  96 

Separating,  Butter  lost  in,  133 

Separator  bowl,  Top  view  of,  134 

Separator,  Cream,  Section  of  bowl,  134 

Separator,  Cream,  Interior  of  disc,  134 

Separator,  Modern,  grain,  109,  110 

Septic  tank,  Single-chamber,  Section  of,  359 

Septic  tank,  Two-chamber,  concrete,  360 

Septic  tank.  Two-chamber  with  siphon,  359 

Sewage  disposal  systems,  354,  356 

Sewage  pipes.  Traps  in,  353 

Sewage  system,  with  septic  tank,  357 

Sewing  machine  with  electric  motor,  192 

Shay,  One-horse,  14 

Shed  and  shop,  Combined  implement,  219 

Shed,  Plans  of  implement,  434 

Shed,  Poor  implement,  218 

Shed,  Sensible  implement,  218 

Shed  with  sliding  doors,  Implement,  435 

Sheds,  Simple  roof  framing  for  machine,  435 

Sheep  barn,  Plan  of,  411 

Sheep,  Feedingrack  for,  395 

Shelter,  Corn,  Hand-power,  112 

Sheller,  Corn,  Power-driven,  113 

Shelter  wagon,  shop,  and  garage,  219 

Shelter,  Movable,  for  livestock,  400 

Shop.  Well-equipped  repair,  220 

Shredder,  Corn,  117 

Sidewalk,  Section  of  cement,  274 

Silage  ration  compared  with  grain  ration,  454 

Silo,  Concrete  block,  460 


Silo,  Concrete,  Reinforcing  in,  459 
Silo,  Concrete,  Solid,  459 
Silo,  Gurler,  460,  461 
Silo,  Pit,  462 

Silo,  Pit,  Device  for  building  and  using,  464 
Silo,  Pit,  Hoisting  rig  for,  468,  465 
Silo,  Stave,  with  guy  wires,  457 
Silo,  What  it  does,  454 
Silo,  Wood,  8-sided,  458 
Silos,  Metal,  Two  types  of,  461 
Silos,  Stave,  with  wooden  and  iron  hoops,  457 
Silos,  Twin  pit,  with  hoisting  device,  466 
Siphon,  Diagram  of,  179 
Skeins.  Types  of,  9 
Smoothing  harrow,  Meeker,  124 
Snow  from  ice,  Removing,  446 
Soil  auger,  304 
Soil  packer,  81 
Soldering  iron,  Electric,  201 
Spanish  mission  type  of  farmhouse,  323 
Spark  plug,  Section  of,  210 
Spike  harrow,  79 
Spillway,  Concrete,  178 
Split-log  road  drag,  272 
Spray  machine,  Four-row  dust,  150 
Spray  machine,  Horse-drawn,  power,  144 
Spray  pump,  Barrel,  148 
Sprayer,  Bucket,  149 
Sprayer,  Extension  rods  for,  149 
Sprayer,  Hand-power  tractor, _148 
Sprayer,  Knapsack,  148,  149 
Sprayer,  Power  orchard,  146 
Sprayer,  Small  hand,  150 
Spraying  melon  vines,  145 
Spraying  nozzles,  Types  of,  14T 
Spring-tooth  harrow,  79 
Sprinklers  for  overhead  irrigation,  257 
Stallion  and  mare  bam,  Plan  of,  412 
Steam  engine  cylinder,  Section  of,  184 
Steam  engine  governor,  185 
Steam  engine,  injector,  182 
Steam  engine,  Measuring  horsepower  of,  185 
Steam  engine,  Section  of  horizontal,  180 
Steam  engine  valve  and  ports,  184 
Steam-heating  system,  Single-pipe,  342 
Steam-heating  system,  Two-pipe,  342 
Steps,  Concrete,  288 
Sterilizers  for  farm  and  home  use,  142 
Stone  dam  in  road  drainage  ditch,  264 
Stone  farmhouse,  316 
Stools,  Sanitary  milk,  141 
Strainers,  Milk,  141 
Stream  straightened  by  blasting,  302 
Stump,  Making  hole  for  dynamite  under,  301 
Stump  prepared  for  dynamiting,  300,  301 
Stump  puller  on  horse  sweep  principle,  154 
Subsoil  roller  or  packer,  82 
Surrey,  15 

Survey  system,  Rectangular,  227 
Surveying,  Carpenter’s  level  for,  225 

Tank,  Gasolene  storage,  205 
Teat  cups,  Operation  of,  142 
Tedder,  Hay,  100 
Thresher,  Pea  and  bean,  111 
Tile  covered  with  gravel,  243 
Tile,  Depth  of,  related  to  surface  drained,  236 
Tile,  Kind  not  to  use,  244 
Tile  placed  to  drain  hillside,  239 
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Tile,  Sewage,  well-and  poorly  laid,  358 
Tire,  Solid  rubber,  Construction  of,  16 
Tools  for  concrete  work,  276 
Tools  for  drainage  work,  240 
Tools  for  harvesting  ice,  446 
Tractor  as  stationary  engine,  56 
Tractor,  Caterpillar  type  of,  57 
Tractor  compared  to  horse-pcwer,  55 
Tractor  corn  listing,  Diagram  of,  69 
Tractor  cultivator,  Two-row,  59 
Tractor  disking  and  seeding,  57 
Tractor  doing  work  of  six  horses,  58 
Tractor  fuel  and  horse  feed.  Storage  space 
for,  compared,  58 
Tractor  gang  plow,  77 
Tractor  hitch,  Combination,  65 
Tractor  hitch  for  plows  and  peg-tooth  harrow,  60 
Tractor  hitch  for  three  harrows,  61 
Tractor  hitch  for  three  seed  drills,  64 
Tractor  hitch  for  two  disc  and  two  peg-tooth 
harrows,  60 

Tractor  hitch  for  two  hay  loaders,  61 
Tractor  hitch  for  two  plows  and  disc  harrow,  60 
Tractor  hitch  for  two-row  lister,  64 
Tractor  hitch  for  two  spring-tooth  and  two 
peg-tooth  harrows,  62 
Tractor  hitch,  General-purpose,  66 
Tractor  hitch,  Tandem,  for  harrows,  62 
Tractor  hitch,  Wheel  and  axle  type,  63 
Tractor  plow,  Three-disc,  78 
Tractor  plowing,  Diagram  of,  68 
Tractor  power  vs.  horse  power,  59 
Tractor  saves  man  power,  55 
Tractor,  Small,  57 
Tractor,  Steam,  181 

Tractor,  Steam,  Section  of  boiler  of,  182 

Tractor,  Testing  out  a,  60 

Tractor  used  in  harvesting,  56 

Tractor  working  without  man’s  guidance,  56 

Trailer  for  motor  truck,  Two-wheeled,  54 

Trailers,  Semi,  attached  to  truck,  54 

Transplanter,  427 

Traps  in  plumbing,  Types  of,  353 

Treadmill,  160 

Tree  planting  after  use  of  dynamite,  303 

Trees  around  farmhouse,  308 

Trees,  Farmhouse  sheltered  by,  315 

Trees,  Too  many  about  house,  317 

Truck  chassis,  Heavy  motor,  49 

Truck  chassis  on  pleasure  car  lines,  Motor,  48 

Truck  chassis,  Shaft-drive,  47 

Truck,  Motor,  for  livestock  breeders,  48 

Truck,  Motor  for  market  gardeners,  42 

Truck,  Motor,  unevenly  loaded,  44 

Truck,  Motor,  With  convertible  body,  53 

Trucks,  Device  for  coupling,  54 

Turbine  water  wheels,  168 

Turbine  wheel,  Where  to  put,  176 

Turbine  windmill,  Small,  171 

Underdrain  combined  with  surface  ditch,  233 

Valves  in  plumbing  and  steamfitting,  356 
Vegetable  buncher  and  tier,  180 
Vehicles,  Pleasure,  14, 15, 16, 17 

Wagon  and  rack,  Homemade  fodder,  12 
Wagon-bed,  Convertible,  13 
Wagon  bolsters,  Two  types  of,  10 
Wagon  brake  levers,  Types  of,  10 


Wagon  brakes,  Types  of,  10 
Wagon  gears,  Front,  6,  9 
Wagon  gears,  Thimble-skein  hind,  6 
Wagon,  Handy  truck  for,  12 
Wagon  hitched  to  automobile.  45 
Wagon  on  hill,  Devices  for  holding,  11 
Wagon,  Prairie  schooner,  5 
Wagon  spokes,  Types  of,  7 
Wagon  spring  bolster,  One-horse  single,  10 
Wagon  spring  bolster.  Two-horse  double,  10 
Wagon,  Typical  heavy  farm,  4 
Wash  sink  for  dairy,  with  bottle  brush,  143 
Washing  machine,  Electric,  191, 201 
Washstand  and  outfit,  360 
Water,  Automatic  measurer  for,  173 
Water  diverted  by  wooden  division  box,  253 
Water  filter,  Concrete,  360 
Water  gate,  Wooden,  253 
Water,  Homemade  arrangement  for  obtain- 
ing, clean,  850 

Water,  hot-and-cold  supply  system.  Diagram 
of,  352 

Water,  Hot,  from  faucet  on  boiler,  351 

Water,  Measuring  flow  through  weir,  174 

Water,  Pneumatic  pressure  tank  for  farm,  352 

Water,  Spillway  for  surplus,  178 

Water  storage  reservoir  under  construction,262 

Water  strainer,  Home  made,  Section  of,  254 

Water  strainer,  Sunken  and  covered,  254 

Water  supply  from  sink  pump,  351 

Water  system  obviates  carrying  supply,  353 

Water  tank,  Hollow-tile,  on  concrete  silo,  383 

Water  tank  on  masonry  base,  383 

Water  tank  on  tower,  169 

Water  tank,  Steel  pressure,  351 

Water  wheels,  Turbine,  163 

Water  wheels,  Types  of,  175 

Watering  trough,  Concrete,  385 

Welding,  Three  stages  in,  291 

Weeder,  Garden,  with  revolving  teeth,  127 

Weeder,  One-horse,  84 

Well,  Badly  polluted,  349 

Well,  Drainage,  Stone,  245 

Well,  Drainage,  Sunken,  245 

Well,  Driven,  Protected,  349 

Well,  Dug,  Protected,  349,  384 

Wells,  Driven,  Battery  of,  254 

Wells,  Flowing,  Irrigation  from,  249 

Wells  showing  chances  of  contamination,  384 

Wheat  sown  after  oats  and  summer  fallow,  80 

Wheel  hoe  and  seed  drill,  Complete,  125 

Wheel  hoes  with  cultivator  blades,  128 

Wheel,  Sarven,  Construction  of,  18 

Wheel,  Sarven  patent.  Hub  of  a,  8 

Wheel,  Wagon,  Dish  of.  8 

Wheel,  Wagon,  Typical  hub  of,  8 

Wind-break  for  farmstead,  308 

Windmill,  Automatic  device  for  controlling,388 

Windmills,  Giant  battle-ax,  172 

Windmill,  Modem  steel,  170 

Windmill,  Self-oiling,  168 

Windmill,  Small  farm-made  wooden,  169 

Windmill,  Small  jumbo,  169 

Windmill,  Small  turbine,  171 

Windmill,  Steel,  in  course  of  erection,  168 

Wire,  Different  sizes  of,  296 

Woodsaw,  Tilting-frame,  122 

Wood-sawing  outfit,  Portable,  166 

Wrench,  Emergency jripe,  292 
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Fig.  643.  A well-made  loose  stone  wall  or  fence.  See  page  492 


APPENDIX 

Practical  Farm  Fence  Construction 

By  Professor  H.  C.  Ramsower  of  the  Department  of  Agricultural  Engineering  of  the  College 
of  Agriculture  of  Ohio  State  University,  who  was  bom  and  raised  on  a farm  in  Licking  County,  that 
stale,  and  whose  close  contact  with  practical  conditions  is  indicated  by  the  fad  that  since  1909  he  has 
managed  his  own  farm.  After  graduating  from  the  college  in  which  he  now  teaches,  he  took  special 
courses  in  Mechanical  and  Civil  Engineering,  haring  his  present  work  in  mind  even  at  that  time. 
In  addition  to  developing  his  department  he  has  traveled  extensively  through  farming  communities ; 
was  for  5 years  Professor  of  Agronomy;  has  written  a text  book  on  Farm  Equipment;  and  has  made 
a special  study  of  farmstead  improvements. — Editor. 

THE  prices  of  all  kinds  of  fence  materials  have  been  steadily  advancing  during 
the  last  two  decades  and  conditions  created  by  the  late  war  brought  them  to  a 
level  scarcely  dreamed  of  a few  years  before.  From  this  level  they  will  probably 
not  greatly  recede.  The  problem  of  fencing  the  farm,  therefore,  has  become  more 
serious  than  ever  and  hence  more  deserving  of  careful  study. 

Amount  of  fence  should  be  reduced.  The  total  number  of  rods  of  fence  on 
the  average  farm  could  and  should  be  materially  reduced.  It  is  frequently  an 
unnecessary  expense  to  fence  fields  used  in  a regular  crop  rotation.  If  pastured  at 
some  time  during  the  rotation,  fences  are  seemingly  necessary  but  it  might  be  more 
economical  to  provide  a permanent  pasture  if  by  so  doing  the  amount  of  fence  to 
be  built  and  maintained  could  be  reduced. 

Fence  repair.  The  average  farmer  will  readily  recognize  that  the  old  adage, 
“A  stitch  in  tune  saves  nine”  is  nowhere  more  applicable  than  in  connection  with 
farm  fence.  It  is  a splendid  custom  to  have  handy  a tool  box  with  nails  of  dif- 
ferent sizes,  a hatchet,  a pair  of  pliers  and  a small  saw  so  that  it  can  be  set  in  the 
wagon  or  auto  when  trips  are  made  over  the  farm.  A loose  board  on  a gate  may 
need  tightening,  a panel  in  a fence  may  need  straightening,  or  a wire  may  need 
to  be  spliced,  each  of  which  tasks  done  m time  is  of  small  moment,  though  it  may 
save  hours  and  dollars  later.  Frequent  whitewashing  or  painting  of  gates, 
especially  around  the  farmstead,  is  much  to  be  desired  and  not  only  adds  to  the 
life  of  the  structures  but  gives  a touch  of  neatness  and  finish  that  brings  a certain 
return  in  dollars  and  cents. 

Essentials  of  a good  fence.  A good  fence  is  one  that  serves  long  and  well 
the  purpose  for  which  it  was  built.  Beauty  rather  than  utility  may  have  been 
the  primary  requisite  as  in  the  construction  of  a lawn  fence.  Or,  utility  may  have 
been  the  only  consideration  as  in  the  construction  of  a brush  fence  to  turn  sheep. 
Or,  again— and  this  is  most  frequently  the  case — the  good  fence  must  both 
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Farm  Fences  in  the  United  States 


PERCENTAGE  OF  VARIOUS  TYPES  USED  IN  CERTAIN  SECTIONS 


WOVEN 

WIRE 

BARBED 

AND 

SMOOTH 

WIRE 

AREA 

HIGH 
(OVER 
42  IN.) 

LOW 

WITH 

BARBED 

WIRES 

WOOD 

STONE 

Western  Dak.,  Kan.  and  Neb.  and 
northern  Minn. 

5.5 

10.2 

84.0 

0.03 

0.3 

0.0 

Eastern  Dak.,  Kan.  and  Neb.  and 
southern  Minn* 

8.8 

20.0 

63.0 

6.4- 

0.6 

Iowa 

8.0 

45.5 

43.5 

2.1 

0.9 

0.0 

Missouri 

13.8 

49.4 

27.2 

5.6 

3.8 

0.04 

Wisconsin 

13.5 

33.4 

49.8 

0.8 

Illinois 

11.4 

41.7 

29.0 

12.4 

wmmm 

0.0 

Michigan.  . 

55.9 

11.8 

11.9 

Mil  V 

19.7 

0.0 

Indiana 

53.3 

18.0 

12.9 

R19 

14.1 

0.05 

Ohio  . . 

59.8 

3.8 

■H 

27.9 

0.05 

From  Bui.  321,  U.  S.  Department  of  Agriculture,  1916. 


serve  its  utilitarian  purpose  well  and  also  harmonize  with,  and  serve  to  enhance  the 
beauty  of,  the  farm  and  the  farmstead.  A good  fence,  therefore,  is  one  that 
is  built  of  strong,  durable  material  and  that  is  possessed  of  a measure  of  beauty. 


Types,  Materials^  and  Construction 


Brushy  fence.  The  brush  fence  was  used 
in  early  days  when  the  land  was  uncleared 
and  when^the  space  occupied  by  the  fence 
was  not  important.  It  served  especially  well 
in  confining  sheep.  Except  in  the  more 
sparsely  settled  regions  where  timber  abounds 
it  is  no  longer  to  be  considered.  It  harbors 
insects  and  vermin  and  is  a menace  from  fire. 

Root  fence.  The  root  fence  really  followed 
the  brush  fence  and  represented  a further 
stage  in  the  clearing  of  land.  The  stumps 
and  roots  had  to  be  piled  in  preparation  for 
burning  and  it  was  generally  de- 
sirable to  leave  them  in  piles  for  a 
year  or  so  until  they  became  thor- 
oughly dry.  It  was  quite  natural, 
therefore,  that  they  should  be  piled 
into  fence  rows  to  serve  a real  purpose 
against  the  time  when  they  should  be 
burned  and  replaced  by  a better  fence. 

Rail  fence.  The  worm-rail  fence 
was  the  first  real  fence  built  by  early 
settlers  in  timbered  regions.  The  first 
work  to  be  done  was  that  of  clearing 
the  land  for  crops  and  generally  the 
best  of  the  timber 
PP&*77'  was  split  into  rails. 

It  is  not  uncommon 

even  now  to  find  on 
► ^ , , farms  black  walnut 

jwvatt  rai>?.  h,*vs*?£t 

_ worm-rail  fence  and  in  a perfect  state 


of  preservation  though  in  continuous  outdoor 
service  for  three  quarters  of  a century  or  more. 
Rails  were  generally  cut  in  12-foot  lengths 
with  the  diameter  approximately  4 to  6 inches. 
A rail  is  nearly  always  larger  at  one  end  than 
at  the  other  so  that  in  laying  up  a fence  the 
small  end  should  always  be  laid  forward  to 
keep  the  corners  of  even  height. 

The  laying  of  a worm-rail  fence  must  pro- 
ceed in  a systematic  way  if  the  line  is  to  be 
straight  and  the  worm  regular.  Stakes 
should  be  set  along  the  middle  line  throughout 
its  length.  A guide  (Fig.  644)  is  then  con- 
structed by  nailing  a lath  a little  more  than 
3 feet  in  length  at  right  angles  to  and  about 
18  inches  from  the  bottom  of  a 6-foot  stake. 
With  the  stake  set  on  the  middle  line  and  the 
lath  at  right  angles  to  it,  the  end  of  the  lath 
marks  the  point  where  a corner  should  fall. 
With  the  rails  lapping  about  one  foot  a 12- 
foot  rail  will  thus  lay  a panel  about  8 feet 
long.  A narrower  worm  could  be  used  which 
would  increase  the  panel  length  but  the  fence 
would  not  stand  so  erect  ana  would  be  more 
easily  blown  over. 

Ground-chunks  are  generally  laid  beneath 
the  comers.  They  serve  to  keep  the  rails 
from  coming  in  contact  with  the  ground  and 
to  increase  the  height  of  the  fence.  These 
chunks  are  about  2 feet  long  and  from  8 to  12 
inches  in  diameter  being  usually  knotty  por- 
tions of  the  tree  or  small  logs,  that  are  hard 
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Fig.  645.  Diagram  of  a section  of  rail  fence  to  show 
distances,  construction,  use  of  guide,  etc.  | 


to  Bplit.  If  the  fence  is  used  to  confine  hogs 
either  the  ground  chunks  must  be  omitted  or 
pieces  of  rails  must  be  laid  under  the  fence. 

Eight  rails  are  usually  required  to  lay  the 
fence  to  the  proper  height.  It  can  be  made 
more  secure  by  laying  short  rails  on  top  of  the 
fence  and  across  the  worm  and  locking  them 
in  place  by  still  shorter  pieces.  Or,  just  the 
corners  may  be  locked  by  setting  pieces  the 
height  of  the  fence  in  the  corners.  Sometimes 
stakes  and  riders  are  utilized  to  make  the 
fence  still  higher.  Cross  stakes  are  set  at  the 
middle  of  each  panel  then  rails  laid  from  one 
set  of  stakes  to  the  next.  Sometimes  where 
locks  are  not  used,  the  top  3 or  4 rails  are  wired 
together  to  prevent  stock  pushing  them  off. 

While  this  type  of  fence  served  its  purpose 
well  when  land  was  cheap  it  occupies  so  much 
space  as  to  be  objectionable  on  high  priced 
land.  Also  it  is  easily  blown  over  especially 
following  a rain  when  the  rails  are  wet  and 
slippery.  Then,  too,  the  fence  row  tends  to 
grow  up  to  weeds,  briers  and  underbrush,  and 
harbors  insects  and  rodents. 

The  post-and-rail  fence  (Fig.  64 66)  fol- 
lowed the  worm  fence  in  development  as  it 
made  more  economical  use  of  the  rails.  The 
posts  were  mortised  and  the  rails  flattened 
at  the  ends  and  slipped  into  the  mortises  as 
the  posts  were  set.  A five-rail  fence  of  this 
kind  is  sufficiently  high,  occupies  less  ground 
than  the  worm-rail  fence,  will  not  blow  over 
and  will  last  for  the  life  of  the  posts.  The 
tedious  work  of  mortising  the  posts  may  be 
done  away  with  by  wiring  the  rails  to  the  posts 
(Fig.  646a).  A No.  10  or  11  galvanized  wire 
is  passed  through  a staple  in  the  top  of  the 
post,  carried  to  a point  near  the  ground  and 
stapled  to  the  post.  A rail  is  then  placed  be- 
tween the  post  and  the  wire  which  is  then 
drawn  up  tightly  and  stapled  above  the  rail. 
The  second  rail  is  then  placed  and  the  wire 
stapled,  and  so  on  to  the  last  rail.  Two  men 
are  needed  in  erecting  this  fence,  but  it  is 
found  very  satisfactory. 

Hedge  fence.  A wide  difference  of  opin- 
ion exists  as  to  the  desirability  of  the  hedge 
fence  for  farm  use.  It  unquestionably  has 
its  disadvantages.  It  is  rather  difficult  to  get 
started  and  several  years  are  required  for  its 
growth;  it  requires  prompt  and  careful  trim- 
ming at  least  twice  each  year;  it  robs  the  soil 
of  both  fertility  and  moisture  for  several 
feet  on  either  side;  it  becomes  unsightly  if 


not  properly  cared  for;  and  once  beyond 
control  it  is  a long  hard  task  to  cut  it  down 
and  grub  out  the  stumps.  On  the  other  hand, 
the  good  hedge  fence  properly  set,  correctly 
trained,  and  carefully  trimmed  is  an  everlast- 
ing fence  which  does  not  decay,  does  not  blow 
over,  is  not  crowded  over  by  stock  (which  it 
will  not  injure)  and  adds  beauty  and  freshness 
to  the  landscape.  However,  the  good  hedge 
fence  is  the  exception  rather  than  the  rule. 

The  osage  orange  is  universally  used  for 
hedge  fence.  It  is  a fairly  rapid  growing 
plant,  hardy,  not  very  susceptible  to  insect 
injury,  produces  heavy  foliage  and  is  suf- 
ficiently thorny  to  repel  the  advance  of  stock. 
Sheep  will  sometimes  though  not  often,  eat 
the  foliage.  Plants  may  be  obtained  from 
nurseries. 

The  first  step  in  setting  out  a hedge  fence 
is  to  clear  the  old  fence  away,  plow  a strip 
at  least  4 feet  wide,  and  thoroughly  fit  the 
soil.  Plants  will  generally  do  better  if  set 
in  the  spring  of  the  year  although  fall  setting 
will  give  fair  results  if  a moist  time  is  chosen. 
A line  should  be  stretched  accurately  along 
the  fence  line  and  a shallow  furrow  drawn 
with  a hoe.  The  plants  are  then  set  6 inches 
apart,  water  being  used  the  same  as  in  garden 
planting.  A temporary  fence  must  be  placed 
next  to  the  hedge  as  the  plants  must  be  care- 
fully protected  for  three  years  at  least.  Mean- 
while they  should  be  cultivated  and  missing 
plants  should  be  replaced  the  second  year. 

An  old  method  of  training  the  plants  so  as 
to  secure  a tight  bottom  to  turn  hogs  and 
sheep  consists  of  binding  the  plants  down  at 
an  angle  of  approximately  45  degrees  from 
the  vertical  and  fastening  them  in  this  position 
during  the  third  or  fourth  season.  The 
branches  should  then  grow  upright  making  a 
fairly  tight  bottom  for  the  hedge,  However, 
this  is  a slow,  difficult  task  and  not 
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in  June  and  September  in  the  Central  states. 

Stone  fences.  In  regions  where  there  is  an 
abundance  of  stone,  more  particularly  lime- 
stone and  sandstone,  this  material  may  be 
utilized  in  fence  building.  A neat  and 
most  effective  wall  can  be  hud  with  flat  stone 
if  made  some  2 feet  thick  at  the  bottom 
tapering  to  10  or  12  inches  at  the  top.  Large 
stones  reaching  through  from  one  side  to  the 
other  should  be  laid  at  frequent  intervals 
especially  near  the  top  to  bind  the  wall  into 
one  solid  mass.  Smaller  stones  can  be  used 
as  fillers  on  the  inside.  (See  fig.  648.) 

The  height  of  such  a wall  is  seldom  more 
than  4,  and  frequently  not  more  than  3 or  3| 
feet.  Sometimes  the  fence  is  finished  by 
A better  though  somewhat  more  expensive  setting  a row  of  large  stones  on  edge  along 
plan  is  to  erect  a 80-inch  woven  wire  fence  the  top.  This  gives  a more  jagged  and  for- 
close  to  the  hedge  during  its  third  year,  with  bidding  appearance,  and  the  stones  thus  set 
posts  set  every  30  feet  along  the  hedge  line,  are  not  so  likely  to  be  dislodged  as  when  laid 
To  insure  that  the  plants  will  stand  erect,  in  a flat  position.  This  kind  of  fence  is  corn- 
two  or  three  smooth  wires  are  stretched  along  mon  in  the  New  England  States  (where,  how- 
the  side  opposite  to  the  fence  and  fastened  ever,  field  boulder  walls  are  also  common) 
both  to  the  posts  and  to  the  fence  too  if  neces-  and  in  some  regions  of  the  Middle  West.  The 
sary.  It  is  especially  desirable  to  have  such  a amount  of  labor  required  for  its  construction 
wire  near  the  top  of  the  fence  as  it  helps  to  is  out  of  all  proportion  to  its  value,  unless  the 
hold  the  hedge  plants  more  securely  when  stones  are  in  nearby  fields  and  must  be  re- 
they  are  being  trimmed.  This  fence  insures  moved  for  agricultural  reasons.  Like  the 
absolutely  hoe-tight  construction.  worm  fence  it  takes  up  valuable  space  and 

A hedge  will  generally  need  its  first  pruning  becomes  a weed-grown  menace  unless  looked 
the  fourth  season  and  this  should  not  be  after.  The  regular  masonry  fence  of  cut  and 
neglected  as  it  will  cause  the  plants  to  branch  matched  stone  set  in  cement  mortar  is  an- 
more  freely.  For  trimming  use  a large  pair  other  type  that  is  restricted  to  country  es- 
of  hedge  shears,  a pair  of  long  handled  pruning  tates  ana  suburban  homes.  In  beauty  and 
shears,  and  a hedge  knife  or  corn  cutter,  the  permanence  it  is  of  course  a desirable  bound- 
latter  being  the  better  if  the  hedge  is  trimmed  ary  along  a highway,  but  its  cost  cannot  be 
frequently  enough  to  keep  the  branches  justified  on  purely  practical  grounds, 
small.  - Concrete  rails.  These,  in  combination  with 

A hedge  should  not  be  allowed  to  grow  heavy  concrete  posts,  are  used  in  only  a limi- 
higher  than  4 feet.  Even  the  most  unruly  ted  way  in  fence  construction.  Where  some 
stock  will  seldom  attempt  to  jump  a hedge  of  general  scheme  of  beautification  is  being  fol- 
this  height  and  a higher  one  is  more  difficult  lowed  they  are  sometimes  advisable.  The 
to  trim.  There  is  a tendency  to  leave  a hedge  proper  reinforcement  of  such  rails  so  in- 
a little  higher  at  each  successive  trimming,  creases  their  cost  as  to  make  it  almost  pro- 
so  usually  it  is  necessary  every  3 or  4 years  to  bibitive  except  on  elaborate  country  estates, 
take  heavy  pruning  shears  and  cut  the  top  which  are  about  the  only  places  on  which 
of  each  plant  back  to  a proper  height.  Side  they  are  found.  Where  unusually  strong  pad- 
branches  should  also  be  carefully  trimmed  so  dock  fences  are  desired  heavy  timber  planks 
as  to  keep  the  fence  narrow— a width  of  8 are  to  be  preferred.  In  an  occasional  case  of 
or  10  inches  being  enough.  One  man  can  this  sort  heavy  iron  piping,  not  less  than  8 
trim  25  to  40  rods  of  such  a hedge  in  a inches  in  diameter,  is  used  with  large  posts 
day.  A hedge  should  be  trimmed  regularly  of  either  wood  or  concrete. 

Wire  fence.  The  table  on  page  490  shows  that  woven  wire  is  by  far  the  most 
common  type  of  fence  in  the  Middle  West.  If  there  were  statistics  to  show  the 
proportion  of  this  to  all  other  kinds  of  fence  erected  during|the  last  5 years  it 
would  probably  be  close  to  100  per  cent.  The  use  of  barbed  wire  is  especially 
common  in  the  Western  states. 

Although  there  is  a wide  variation  in  the  size  of  wire  used  in  woven  fences, 
the  modem  tendency  is  to  use  No.  9 throughout.  This  makes  a more  expensive 
fence  and  one  that  is  harder  to  erect,  but  its  increased  length  of  life  more  than  off- 
sets these  disadvantages.  The  use  of  stay  wires  as  small  as  No.  12  or  No.  14  is 
to  be  discouraged. 
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The  Rusting  of  Wire  Fencing 

The  rapid  rusting  of  modern  fencing  wire 
has  been  observed  by  all  users  of  woven  wire 
fence.  Scientists  have  long  been  searching 
for  the  cause,  but  as  yet  no  satisfactory  expla- 
nation has  been  offered,  though  there  seems 
to  be  some  evidence  which  tends  to  point  to 
the  modern  method  of  making  the  steel  from 
which  the  wire  is  manufactured.  Years  ago 
nearly  all  the  steel  used  in  making  fencing 
wire  was  manufactured  by  the  puddled  iron 
process,  in  which  the  metal  was  carefully 
and  thoroughly  worked  by  hand.  However, 
it  was  only  after  the  introduction  of  the 
Bessemer  and  open  hearth  processes  of  steel 
manufacture  that  woven-wire  fencing  came 
into  prominent  use,  largely  because  these 
processes  made  possible  cheaper  steel. 

After  steel  is  taken  from  the  Bessemer  con- 
verter or  from  the  open-hearth  furnace,  it 
is  poured  into  large  molds  and  forms  ingots 
of  solid  steel.  It  is  then  carried  to  the  rolling 
mills  and  reduced  by  constant  rolling  to  a size 
approaching  that  of  a lead  pencil;  finally 
it  is  drawn  cold  through  appropriate  dies 
and  gradually  reduced  to  wire  of  the  desired 
size. 

To  galvanize  steel  fence  wire  is  to  coat  it 
with  a layer  of  zinc.  The  wire  to  be  galvan- 
ized is  first  drawn  through  an  oven  to  properly 
anneal  it.  Thence  it  is  placed  into  a tank  of 
weak  add  to  dean  it  properly,  and  to  provide 
a soldering  solution.  Next  it  is  drawn  through 
a tank  of  molten  zinc,  a portion  of  which  clings 
to  it.  Finally  the  wire  is  drawn  through  as- 
bestos wipers  in  order  to  produce  a uniform 
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coating.  Undoubt- 
edly the  thickness 
of  the  zinc  coating 
is  a factor  in  the 
lasting  quality  of 
the  wire. 

In  spite  of  this 
coating,  however, 
the  wire  rusts,  and 
investigations  car- 
ried  on  by  the 
United  States  De- 
partment of  Agri- 
culture in  1905  and 
reported  in  Bul- 
letin No.  239  seem 
to  indicate  that 
the  element  man- 
ganese, whichis 
added  to  the  steel, 
whether  made  by 
the  Bessemer  or 
the  open  hearth  process,  just  before  it  is 
poured  from  the  furnace,  is  at  the  bottom 
of  the  trouble.  When  a wire  rusts  it  pits, 
and  an  explanation  frequently  given,  though 
not  yet  regarded  as  an  established  fact, 
is  that  the  pitting  is  due  to  electrolytic 
action  set  up  because  of  the  unequal  distribu- 
tion of  manganese  in  the  wire.  The  fact  re- 
mains that  modem  fence  wire  does  rust  out 
rapidly,  though  it  is  believed  that  manufac- 
turers are  doing  everything  in  their  power 
to  improve  its  quality.  The  farmer's  chief 
protection  lies  in  buying  a fence  made  of 
nothing  smaller  than  No.  9 wire;  even  larger 
sizes  may  be  advisable. 


' Fig.  648.  Two  methods  of 
anchoring  a wire  fence  between 
posts  ana  in  low  spots 


The  height  of  woven  wire  fencing  varies  considerably.  What  is  known  to 
the  trade  as  a 10-47  fence,  that  is.  one  having  10  wires  and  measuring  47  inches 
in  height,  is  most  common  in  Ohio,  Indiana,  and  Michigan.  Such  a fence, 
if  intended  for  horses,  is  not  complete  without  a barbed  wire  on  top.  The  low 
fence,  with  2 or  more  barbed  wires,  is  most  common  in  Iowa,  Wisconsin,  Missouri, 
and  Illinois.  It  makes  a good  cattle  fence,  but  where  it  is  used  to  fence  in  horses 
it  is  somewhat  more  dangerous  than 
the  47-inch  fence  with  but  one  barbed 
wire  on  top. 

Barbed  wire  should  be  used  with 
the  utmost  care.  The  practice  of  plac- 
ing it  on  old  fences,  and  especially  near 
the  ground,  when  horses  are  to  be  pas- 
tured or  inclosed,  cannot  be  too  severely 
condemned.  Horses  maimed  and  ruined 
for  sale  if  not  for  service  are  to  be  found 
in  every  community  where  barbed  wire 
is  used.  It  has,  to  be  sure,  a real  place 
on  top  of  a well-constructed  fence  42  or 
47  inches  high,  but  placed  lower  than 
this  it  is  a serious  danger. 

„„„  Fig.  649.  Individual  wire  stretcher  in  use  and  (, 

When  erecting  3,  wire  fence)  one  detail  to  show  bow  it  gripe  and  tightens  a wire  for  i 
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Fig.  650.  Good  tvpec 

and  windlass  at  both  top  and  bottom  of  clamp-bar 


should  remember  that  it  is  to  be  in 
place  for  a number  of  years,  and  that 
the  degree  of  tightness  will  determine 
in  no  small  measure  the  length  of  its 
life.  Every  effort  should,  therefore,  be 
made  to  secure  it  properly  at  both 
ends  after  stretching  it  as  tightly  as 
possible.  Fig.  650  shows  one  of  the 
best  types  of  stretcher.  The  chains 
are  fastened  to  the  top  and  the  bot- 
tom of  the  clamp-bar,  each  chain  being 
controlled  by  a separate  windlass.  This 
makes  it  possible  to  keep  the  fence 
plumb,  which  is  not  possible  when  there 
is  but  one  windlass.  The  clamp-bar 
should  be  so  placed  that  it  will  stand 
about  three  feet  from  the  end  post 
when  the  fence  is  finally  stretched. 
The  fence  should  then  be  cut  off  and 
the  wires  tightened  by  means  of  an 
individual  wire-stretcher  (Fig.  649)  as 
each  is  stapled  to  the  post.  The  wires 
should  be  bent  around  the  post  and 
wrapped  around  themselves,  as  staples  are  usually  not  sufficient  to  hold  them; 
if  steel  or  concrete  posts  are  used,  the  wires  must,  of  course,  be  wrapped.  This  is 
a rather  difficult  task,  but  it  may  be  accomplished  in  such  a way  that  there  is  but 
little  slack  in  the  fence  after  the  stretcher  is  removed. 

Home  made  wire  fences  were  in  much  more  common  use  several  years  ago 
than  they  are  now,  the  extensively  manufactured  woven  wire  having  virtually 
replaced  them.  In  one  home-made  type  a fence  of  10  smooth  wires  was  first 
erected.  Then  by  means  of  special  tools  either  wire  or  wood  vertical  stay-rods 
were  woven  into  the  fence  at  intervals  of  from  1 to  4 feet.  This  type,  as  well  as 
others  of  similar  design,  was  quite  satisfactory,  but  labor  is  now  so  scarce  and  so 
high  that  the  individual  can  scarcely  compete  with  the  large  factory,  especially 
if  any  considerable  amount  of  fence  is  needed. 

Wire  fence  is,  of  course,  stapled  to  the  line  posts  if  of  wood.  To  concrete 
or  steel  posts  it  is  fastened  in  a number  of  ways  (Fig.  651).  In  a,  which  is  the 
most  common  method,  the  fastening  wire  is  passed  around  the  post.  In  B it  is 
looped  over  the  line  wire,  passed  through  a hole  in  the  post  then  bent  around 
either  side  of  the  post  and  fastened  to  the  line  wire.  The  sketch  at  d shows  a 
fence  locked  in  place  by  a No.  9 locking  wire  run  through  staples  put  in  place  as 
the  post  is  made.  In  any  case  only  about  half  the  wires  are  fastened  to  each 
post.  In  the  case  of  one  patent  concrete  post  (c),  the  fence  is  fastened  with 
staples  driven  into  a strip  of  composition 
cement  cast  in  the  face  of  the  post  when 
molded,  and  which  takes  and  holds  a 
staple  well.  Wood  rails  for  a picket 
fence  or  boards  are  sometimes  nailed  to 
posts  of  this  sort. 

Fig.  656  shows  two  common  meth- 
ods of  fastening  wire  to  steel  posts.  In  o 

the  fastening  wire  is  wrapped  around  the  FIG-  651.  Four  methods  of  fastening  wire  fencing  to 
i i j •«  concrete  poets  (see  text).  Upper  figures  show  front 

post,  0 SHOWS  a round,  galvanizod  iron  view;  lower  figures  show  sections  acroee  poets 
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post  in  which  small  ears  are  partially  cut  out  of  the  face  of 
the  post  and  bent  around  over  the  wires.  Sometimes  a 
staple  is  inserted  through  a hole  in  the  post  and  clinched; 
and  m another  case  in  which  the  post  is  triangular  in  shape 
horizontal  grooves  are  cut  part  way  through  the  post  along 
the  apex  of  the  triangle.  Each  line  wire  is  then  slipped 
into  one  of  these  grooves  and  a nail  is  dropped  in  between  it 
and  the  back  of  the  post,  that  is,  on  the  inside  of  the  triangle. 


Wooden  Fences 

Board  fence.  The  comparatively  small 
amount  of  regular  field  fence  now  made  of 
boards  finds  its  chief  use  about  bam  yards 
where  wire  fence  can  scarcely  be  used  with 
safety.  The  panels  are  usually  14  feet  long 
with  posts  7 feet  apart.  The  boards  are 
generally  1 by  5 inches  and  may  be  sawed 
from  local  timber,  either  hard  or  soft  wood 
serving  the  purpose. 

The  regular  field  fence  is  5 boards  high 
spaced  from  bottom  to  top  as  follows,  3,  6,  7 
and  10  inches.  The  bottom  board  is  placed 
3 inches  from  the  ground  if  hogs  are  to  be  con- 
fined. If  the  fence  is  to  turn  only  grown 
horses  or  cattle  the  bottom  board  may  be 
omitted.  Joints  should  be  broken,  that  is, 
some  of  the  boards  should  lap  from  one  panel 
to  the  next,  to  give  a more  rigid  construction. 

Picket  fence.  This,  like  board  fence,  is 
no  longer  generally  used  in  the  field.  It 
has,  however,  a real  place  around  gardens 
and  farmsteads.  The  patterns  after  which  it 
is  built  vary  greatly  and  can  be  made  to  suit 
the  individual  taste  of  the  owner, 
f A picket-and-wire  fence  is  occasionally 
used  for  field  purposes.  In  one  type  3 double 
strands  of  No.  12  wire  are  stretched  and 
loosely  stapled  on  posts  one  rod  apart.  The 
upper  pair  is  placed  so  as  to  fall  6 inches  below 
the  top  of  the  pickets,  the  lower,  6 inches 
above  the  bottom,  and  the  middle  pair  half 
way  between.  The  pickets  are  then  woven 
into  these  wires.  A special. wrench  is  provided 
to  twist  the  wires  between  the  pickets  which 
are  spaced  2 to  2\  inches  apart.  A string 
may  be  stretched  along  the  top  line  of  the 
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Section  of  well-built  board  fence  showing 
broken  joints  and  good  spacing 


pickets  so  as  to  se- 
cure an  even  line. 

If  the  pickets  are  of 
equal  length  a board 
may  be  placed  on 
the  ground  beneath 
each  panel  and  the 
pickets  placed  upon 
it  to  give  an  even  line 
at  both  top  and 
bottom. 

Pickets  for  this 
type  of  fence  are 
usually  sawed  J by 
2 inches  and  4 feet 
long.  Local  hard 
wood  such  as  beech, 
maple,  chestnut,  oak, 
etc.,  may  be  used. 

The  wood-rail 
picket  fence  is  still 
more  common.  The 
rails  are  generally  2 
by  4 inches  by  14 
feet,  two  being  used 
for  each  panel;  the 
posts  are  set  7 feet 
apart.  The  pickets 
are  generally  | inch  by  3 or  4 inches  by  4 
feet,  but  for  lawn  purposes  they  may  be 
narrower  and  shorter. 

Portable  fences.  It  is  sometimes  con- 
venient or  necessary  or  both  to  have  a port- 
able fence.  It  may  be  used  in  a bam  lot  or  for 
confining  stock,  especially  sheep  or  hogs,  on 
temporary  pasture.  One  good  type  in  com- 
mon use  is  shown  in  Vol.  I,  Fig.  89.  Hurdles 
of  chestnut  or  other  hard  wood,  about  7 feet 
long,  the  posts  of  which  are  driven  into  the 
ground  and  held  together  with  long  oak  pins, 
are  frequently  seen  on  Eastern  farms  and 
mates.  They  are  highly  satisfactory  for  con- 
fining horses  and  for  enclosing  exercising  rings, 
race  tracks,  etc.  They  are  not  as  easily  moved 
as  the  sheep  hurdle  just  referred  to,  and  they 
are  of  course  unnecessarily  heavy  and  high  for 
co?rr?lng  ^ogs,  sheep  or  other  small  animals. 

• *he  custom  of  hogging  down  com 

is  followed  and  it  is  found  desirable  to  fence 
off  a part  of  a field,  a 24-inch  woven  wire  fence 
may  be  unrolled, . set  up  along  a com  row  and 
tied  to  the  standing  com.  If  a supply  of  old 
fence  rails  is  at  hand  they  may  be  used  to  good 
advantage  in  building  temporary  fences. 


iSlag^ 

Fig.  652.  A fence  of 
woven  and  barbed  wire 
and  steel  posts,  useful  where 
extra  security  is  desired 
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Fence  Posts 

Since  from  85  to  95  per  cent  of  modem  fence  is  built 
on  posts  the  question  of  post  material  is  of  vital  impor- 
tance. Fence  posts  may  be  made  from  either  of  three 
materials:  wood,  steel,  or  concrete,  but  the  type  to  choose 
is  not  easily  determined. 

Wood  posts.  Wood  has  been  the  most  common  fence 
post  material  in  past  years  and  no  doubt  will  continue  in 
the  lead  for  several  years  to  come.  The  kind  of  wood  used 
in  a given  locality  will  be  determined  in  part  at  least  by ‘the 
kind  of  timber  common  there.  Yet  some  woods  formerly 
much  used  for  posts  have  become  so  valuable  for  other 
purposes  that  as  post  timber  they  have  been  largely  re- 
placed by  other  kinds  even  though  the  latter  must  be  shipped 
m from  a distance. 

The  relative  durability  of  the  common  post  timbers  has 
been  investigated  only  in  a limited  way.  The  accompany- 
ing table  is  the  summary  of  a study  made  in  the  central 
part  of  the  United  States  by  the  Department  of  Agriculture. 
For  purposes  of  classification  the  region  was  divided  into 


Fig.  654.  How  a heavy 
cross  piece  is  used  to  anchor 
a fence  poet 


AVERAGE  LIFE  AND  COST  OF  DIFFERENT  KINDS  OF  FENCE  POSTS  USED  IN 
THE  MIDDLE  WESTERN  STATES 


KIND  OF  POST 

AVERAGE 

LIFE 

AVERAGE 
COST  IN 
ALL  AREAS 

AVERAGE  COST 

IN  EACH  AREA 

NO. 

1 

NO.  2 

NO.  3 

NO.  4 

NUMBER 

ESTIMATED 

YEARS 

NUMBER 

ESTIMATED 

CENTS 

NUMBER 

ESTIMATED 

CENTS 

NUMBER 

ESTIMATED 

CENTS 

NUMBER 

ESTIMATED 

CENTS 

NUMBER 

ESTIMATED 

CENTS 

Osage  orange  . 

789 

29.9 

774 

22 

105 

25 

326 

24 

320 

17 

23 

18 

Locust .... 

464 

23.8 

465 

24 

501 

26 

21 

22 

29 

18 

14 

18 

Red  cedar.  . . 

657 

20.5 

574 

29 

346 

29 

97 

31 

104 

27 

27 

21 

Mulberry  . 

88 

17.4 

82 

19 

45 

20 

25 

17 

12 

15 

Catalpa  . 

48 

15.5 

45 

17 

15 

17 

17 

17 

13 

18 

10 

18 

Burr  oak  . 

97 

15.3 

90 

15 

10 

10 

54 

15 

26 

15 

Chestnut  . 

94 

14.8 

91 

15 

91 

15 

White  cedar  . 

1,749 

14.3 

1,709 

18 

642 

18 

459 

18 

374 

19 

274 

16 

Walnut 

60 

11.5 

56 

13 

6 

5 

11 

13 

39 

12 

White  oak 

1,242 

11.4 

1,218 

12 

333 

14 

389 

11 

421 

12 

75 

13 

Pine  .... 

41 

11.2 

37 

18 

12 

23 

7 

22 

3 

11 

15 

12 

Tamarack . 

67 

10.5 

64 

9 

6 

16 

26 

8 

7 

9 

25 

9 

Cherry 

9 

10.3 

9 

8 

7 

8 

2 

8 

Hemlock  . 

10 

9.1 

9 

12 

3 

20 

6 

8 

Sassafras  . 

19 

8.9 

17 

14 

11 

15 

6 

10 

Elm  .... 

15 

8.8 

15 

12 

6 

10 

5 

9 

4 

15 

Ash  .... 

69 

8.6 

58 

10 

17 

11 

2 

10 

15 

10 

24 

10 

Red  oak  .. 

22 

7.0 

24 

7 

6 

7 

10 

8 

8 

4 

Willow  . . . 

41 

6.2 

33 

7 

1 

12 

2 

7 

25 

7 

5 

9 

Concrete  (e  s t i - 

mated)  . 

42 

48.0 

121 

30 

53 

30 

48 

29 

19 

31 

1 

35 

Stone  .... 

11 

36.3 

15 

35 

4 

38 

11 

35 

Steel  (estimated)  . 

131 

29.9 

219 

30 

82 

30 

71 

29 

54 

30 

3 

30 

From  Bulletin  No.  321,  United  States  Department  of  Agriculture,  1916. 
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areas  as  follows:  No.  1,  Ohio,  Indiana,  and  Michigan;  No.  2,  Wisconsin  and 
Illinois;  No.  3,  Iowa,  Missouri,  southern  Minnesota,  eastern  Kansas,  and  eastern 
Nebraska;  No.  4,  northern  Minnesota,  the  Dakotas,  western  Kansas,  and 
western  Nebraska.  The  results  are  based  only  on  common  practice  and  are 
not  claimed  to  be  scientifically  accurate. 

From  the  standpoint  of  durability  osage  orange  is  really  in  a class  by  itself 
with  locust  and  red  cedar  following,  there  being  no  great  difference  in  the  lasting 
qualities  of  these  two.  It  is  generally  considered  that  a post  timber  which  shows 
an  average  life  of  less  than  10  years  should  not  be  given  serious  consideration. 

The  Ohio  Agricultural  Experiment  Station  published  in  Bulletin  219  (1910) 
the  results  of  personal  examinations  of  over  30,000  fence  posts  located  in  292 
different  kinds  of  fences.  This  investigation  rates  post  timbers  in  the  order  of 
their  durability  as  follows:  osage  orange,  locust,  red  cedar,  mulberry,  white  cedar, 
catalpa,  chestnut,  oak,  and  black  ash,  which  is  very  similar  to  the  arrangement 
based  on  the  Department  of  Agriculture's  investigation. 

The  Ohio  Bulletin  gives  the  following  general  conclusions  based  on  the  results 
of  the  investigation: 

1.  There  is  no  difference  which  end  of  the  post  is  put  in  the  ground  except  that  the  larger 
end  should  have  preference.  - 

2.  From  data  collected  so  far,  seasoning  does  not  seem  to  have  any  marked  effect  on  dura- 
bility. It  is  hoped  that  the  matter  will  be  investigaged  further. 

3.  Timber  that  grows  rapidly  in  the  open  is  not  so  good  as  that  of  the  same  variety  grown 

in  the  woods.  ^ 

4.  There  is  some  evidence  that  it  is  not  good  to  cut  posts  just  as  a tree  begins  to  grow  in 
early  spring. 

5.  The  wood  at  the  centre  of  the  tree  is  not  so  good  as  that  just  inside  the  sap  wood. 


Preservative  Treatment  of  Wood  Posts 

There  is  no  question  but  that  the  life  of 
fcosts  can  be  prolonged  by  proper  treatment 
and  some  of  the  methods  used  are  perhaps 
worthy  of  trial  on  many  farms.  Rotting  is 
'caused  by  the  growth  of  fungi,  or  low  forms 
of  plant  life,  which  feed  upon  the  tissues  of 
the  wood.  They  require  heat,  light,  moisture, 
and  food  for  their  development,  all  of  which 
conditions  are  supplied  near  the  surface  of  the 
ground;  wherefore  posts  rot  off  at  this  point. 
A post  rots  but  little  beneath  the  surface  of 
the  ground  because  the  lack  of  air  prevents 
the  growth  of  fungi  there,  while  above  ground 
the  lack  of  moisture  prevents  their  growth. 
It  is  not  possible  to  control  the  moisture,  the 
heat,  nor  the  air  supply,  but  if  the  food  supply 
can  be  cut  off  the  fungi  cannot  develop.  The 
most  feasible  method  of  destroying  the  food 
supply  is  to  fill  the  tissues  of  the  wood  with 
creosote,  a coal  tar  product. 

This  method  is  best  carried  out  by  heat- 
ing the  creosote  in  a large  kettle,  setting  well- 
seasoned  posts  into  it,  leaving  them  there  for 
an  hour  or  so,  and  then  removing  them  to  a 
kettle  of  cold  creosote  where  they  are  left  for 
several  hours.  During  this  time  the  liquid 
soaks  into  the  posts,  the  depth  depending  upon 
the  nature  of  the  wood.  The  hot  bath  is  of 
itself  fairly  effective,  but  the  cold  bath  follow- 
ing is  essential  to  a thorough  treatment. 
Painting  the  lower  portion  of  the  posts  with 


hot  creosote  will  probably  prolong  their  life 
long  enough  to  pay  for  the  treatment,  the 
estimated  cost  of  which  is  about  15  cents 
per  post.  When  the  cheaper  timbers  are 
used  it  may  reasonably  be  expected  that  it 
will  double  or  even  treble  the  life  of  the  post. 
It  probably  will  not  pay  to  treat  the  better 
classes  of  hardwood  posts,  since  the  denseness 
of  the  wood  prevents  the  absorption  of  the 
creosote  in  beneficial  quantities. 

Charring  the  post  is  a]  very  effective 
method  oi  preventing  decay.  To  do  it  place 
that  portion  of  the  post  which  is  to  go  into 
the  ground  in  a bed  of  hot  coals  and  leave  it 
until  thoroughly 
charred.  Thisprocess 
also  destroys  the  food 
supply  of  the  fungi 
and  prevents  their  get- 
ting a start. 

Painting  the  lower 
portion  of  the  post 
with*  an  oil  paint  is 
effective  so  long  as 
the  paint  lasts,  but  it 
soon  scales  off.  The 
beneficial  effects  of 
this  treatment  are 
probably  not  worth 
the  [time  and  trouble 

^ 4*  boa  F10*  655*  Home-made 

Zinc  Chloride  has  outfit  for  treating  wood 
sometimes  been  re-  poets  with  hot  cnweote 
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commended  as  a preservative  but  it  is  little 
used.  It  is  usually  applied  by  boring  holes 
in  the  posts  and  filling  the  holes  with  the 
solution,  which  is  slowly  absorbed  by  the  wood. 
Being  easily  soluble,  the  solution  next  the 
surface  of  the  post  soon  loses  its  effectiveness. 

The  table  at  the  right,  from  Circular  No. 
117,  United  States  Department  of  Agriculture, 
illustrates  the  value  of  the  preservative  treat- 
ment of  lodgepole  pine  posts  in  Idaho.  It 
should  be  remembered  that  the  posts  treated 
were  of  pine  which,  being  a soft  wood,  ab- 
sorbed a relatively  larger  amount  of  the  pre- 
servative than  would  a hard  post.  The 
value  of  the  treatment  would,  therefore,  be 
greater  for  soft  than  for  hard  woods. 


PER  POST 

UNTREATED 

TREATED 

Initial  cost 

$0.06 

$0.06 

Cost  of  treatment 

.00 

.15 

Cost  of  setting 

.12 

.12 

Total  cost  set  . 

.18 

.33 

Estimated  length  of 

service  (years) 

4 

20 

Annual  cost  (allowing 

6 per  cent  interest 
on  investment) 
about 

0.06 

0.03 

Steel  posts.  Steel  posts  have  been  in  more  or  less  common  use  for  15  or  20 
years.  During  this  time  both  their  material  and  their  form  have  been  widely 
changed  so  that  there  are  now  a great  many  different  designs  on  the  market.  It 
is  impossible  to  say  which  type  will  prove  most  satisfactory  for  all  conditions. 

The  V-shaped  post  made  of  soft  steel  about  $ inch  thick  is  likely  to  rust  at  the 
top  of  the  ground  in  a few  years.  Furthermore,  it  is  rather  easily  beat  and,  once 
bait  and  straightened,  it  seldom  possesses  its  former  strength. 

The  round  galvanized  steel  post  seems  to  last  fairly  well  but  bends  quite 
easily.  Other  forms  of  the  galvanized  post  have  been  designed  to  remedy  this 
weakness  but  with  indifferent  success. 

The  high  carbon,  stiff  steel  post  seems  to  be  giving  a large  measure  of  satis- 
faction. It  will  spring  back  to  shape  if  bent  and  m many  designs  at  least  is  sup- 
plied with  an  enlaced  bearing  surface  in  the  form  of  a wing  beneath  the  surface 
of  tho  ground  which  tends  to  hold  it  erect  even  though  a strain  comes  upon  it 
when  the  ground  is  wet. 

Nearly  all  steel  posts  are  easily  driven  by  means  of  a sledge  hammer,  which 
makes  it  possible  to  set  a long  line  of  them  in  a very  few  hours— a decided 
advantage.  The  best  way  to  set  steel  posts  is  to  load  them  in  a wagon,  proceed 
along  the  line  of  the  fence  and  drive  the  posts  from  the  rear  end  of  the  wagon.  A 
special  driving  cap  is  provided  for  driving  most  metal  posts 
so  that  the  top  will -not  be  crushed. 

Concrete  posts.  Because  of  its  durability,  concrete 
is  a splendid  material  for  fence  posts  for  which  purpose 
it  will,  without  doubt,  find  a wide  use  in  the  future.  The 
greatest  care  must  be  exercised,  however,  both  as  to  choice 
of  materials  and  as  to  their  handling  if  success  is  to  be  as- 
sured. The  materials  required  are  cement,  sand,  gravel  or 
crushed  rock,  and  reSnforcement.  The  cement  must  be  one 
of  the  standard  brands  of  Portland  cement;  natural  cement 
should  never  be  used.  For  directions  for  making  concrete 
posts  see  Chapter  25. 

The  home-made  cement  post  is  not  cheap  in  first  cost 
With  cement  at  40  cents  per  bag  the  cost  for  this  item 
alone  will  be  from  8 to  10  cents.  The  reinforcing  material 
will  cost  about  10  cents  per  post  at  pre-war  prices  for  steel. 
If  sand,  gravel  and  labor  are  taken  into  consideration  the 

, cost  will  run  to  a high  figure.  As[a  matter  of  fact  it  is  a 

jEsteoing  fence  (we*text)  °*  real  question  whether  or  not  the  farmer  can  afford  to 
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make  his  own  concrete  posts  when  factor- 
ies are  so  well  equipped  to  do  the  work. 
It  maykbe  real  economy  to  purchase  the. 
posts  especially  if  a factory  is  near  so 
that  heavy  freight  rates  are  avoided. 

In  purchasing  commercial  posts  one 
should,  if  possible,  be  assured  by  the  ex- 
perience of  others,  that  the  posts  are 
giving  satisfaction.  The  land  and 
method  of  reinforcement  should  be  in- 
vestigated as  well  as  the  materials  used. 


FlG.  657.  A concrete  fence  corner  unit  which  if  wcii 
built  should  last  100  years 


Setting  Fence  Posts 

The  life  of  any  fence  requiring  posts  depends  in  large  measure  upon  the  kind 
of  post  used  and  the  way  in  which  it  is  set.  Especially  is  this  true  of  wire  fence 
ana  inasmuch  as  85  per  cent,  of  fence  now  erected  is  of  wire,  chief  consideration 
will  be  given  to  setting  posts  for  this  type. 

Post  holes  should  be  dug  in  the  spring  season  when  the  ground  is  wet  if  the 
most  rapid  progress  is  to  be  made.  There  is  a variety  of  post  hole  diggers  on  the 
market.  One  of  the  best  types  is  the  auger  with  which  a hole  can  be  quickly  dug 
if  the  ground  is  fairly  moist  and  free  from  stones.  A 16-inch  ditching  spaae  is  a 
valuable  tool  for  starting  post  holes. 

Posts  should  not  be  set  when  the  soil  is  filled  with  water,  but  they  can  be  set 
much  more  easily  if  the  soil  is  moist,  not  wet.  If  absolutely  necessary  to  set 
them  when  the  ground  is  really  wet,  do  not  stretch  wire  fence  on  them  until  the 
ground  is  more  solid  and  they  are  more  firm. 
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Wood  end  posts  should  be  8 feet  in  length  and  should  never  be  set  less  than 
3$  feet  deep.  Line  posts  should  be  7 feet  long  and  should  be  set  2£  feet  deep 
and  never  more  than  20  feet  apart,  while  one  rod  is  better. 

The  end  post  in  a wire  fence  is  most  important;  too  frequently  it  is  poorly 
set  and  inadequately  braced.  Fig.  658  shows  at  A and  C the  most  common 
methods  of  bracing  end  posts.  The  diagonal  position  of  the  brace  at  A will  told 
to  lift  the  post  out  of  the  ground:  hence,  the  construction  shown  at  C is  better. 
No.  9 fencing  wire  is  wrapped  around  the  post  as  shown,  at  least  two  and,  better, 
three  strands  being  used.  The  brace  wires  are  then  twisted  to  the  proper 
tension. 

The  method  shown  at  F is  a good  one  if  the  brace  wire  going  beyond  the  end 
of  the  fence,  will  not  be  in  the  way.  In  this  case  the  wire  itself  is  wrapped 
around  a stone  buried  in  the  ground;  sometimes  a concrete  "dead  man”  with  a 
i-inch  iron  [rod  embedded  in  it  is  used  in  place  of  the  boulder.  The  objection 
to  either  of  these  methods  is  that  the  wire  soon  rusts  off  at  the  [surface  of  the 
ground;  however,  a pipe  may  be  dipped  over  the  wire  to  protect  it  and  prevent 
this  for  a time. 

The  braces  shown  at  D and  E are  excellent,  that  at  D being  especially  good  in 
that  it  provides  a way  to  tighten  the  brace  when  it  becomes  loose  as  it  is  sure 
to  do.  It  is  more  expensive  and  more  trouble  to  put  in,  hence  is  seldom  used. 
Braces  of  this  kind  can  be  purchased  from  makers  of  steel  posts.  The  wire  in  E 
soon  becomes  rusted  so  that  it  breaks  easily  if  an  attempt  is  made  to 
tighten  it. 

Steel  posts  make  excellent  end  posts;  a method  of  setting  a patented  steel 
post  is  shown  at  G.  The  brace  is  of  steel  and  fits  into  an  angle-iron  socket  which 
rests  on  the  comer  of  the  concrete  block.  The  upper  end  is  attached  to  a ling 
clamp  which  slips  over  the  post.  The  brace  is  tightened  by  pounding  the  ring 
clamp  down  on  the  post  and  fastening  it  by  means  of  a bolt  provided  for  that 


purpose. 

Concrete  end  and  comer  posts  are  highly  desirable.  They  may  be  molded 
separately  and  afterwards  set  in  place  and  braced  by  any  one  of  the  methods 
shown.  Fig.  657  shows  a reinforced  concrete  comer  post  8 by  8 inches,  with 
concrete  and  wire  braces  to  two  other  posts.  Fig.  659  shows  details  of  form 
construction  for  a braced  concrete  post  made  in  place.  The  form  can  be  easily 
taken  down  and  used  elsewhere.  The  brace  may  or 
may  not  be  molded  with  the.  post;  it  is  probably  better 
to  make  it  separate,  in  which  case  the  post  as  well  as  the 
concrete  footing  should  be  recessed  to  receive  the  ends 
. of  the  brace. 

Gates 

A neat,  substantial  gate  well  hung  is  a 
rarity  on  the  average  farm.  A gate  should 
be  made  of  strong  material  but  at  the  same 
time  it  must  be  reasonably  light  in 
weight.  Several  designs  for  home  made 
gates  are  shown  in  Fig.  661. 

At  A is  shown  a common  type  of 


„ ft  o uni  Rods 
for  Reinforcement 


Fig.  659.  Details  and  measurements  for  making 
a braced  concrete  end  post.  The  form  is  hinged  so 
that  it  may  be  set  up  and  taken  down  with  the  least 
possible  trouble  and  delay 


slide  gate  which  may  be  quickly  made  of 
heavy,  rough  boards  ana  satisfactorily 
hung  in  this  way;  it  is,  however,  more 
difficult  to  open  than  a hinged  gate. 
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The  designs  shown  at  B and  C are  ex-  1V>/. /•>  r 

eellent,  well  braced  and  substantial  yet  risJ.1  ■-£'[' > t '' 

light  in  weight.  Bolts,  rather  than  nails,  1 

are  used  throughout.  The  hinges  are 

large  and  heavy;  it  is  always  a mistake 

to  use  small  hinges.  *“• 

At  E is  shown  an  adjustable  gate; 

that  is,  if  the  outer  end  sags  it  can^be  raised  and  held  in  position  by  adjusting 
the  wires  ’as  shown.  At  F is  shown  another  method  of  accomplishing  the 


Fig.  660.  A patent  wire  and  metal  pipe-frame  gate 
hung  on  substantial,  well-braced  posts 


same  result.  At  G is  shown  a mortised  gate  made  of  extra  heavy  materials.  At 
H is  shown  a gate  in  which  the  boards  are  mortised  into  huge  posts. 

There  are  several  types  of  patent  gate  on  the  market  which  have  considerable 


merit.  Those  made  of  boards  rather  than  of  wire  are  in  general  to  be  desired. 
The  wire  gates  usually  have  a steel  pipe  frame  which  if  once  bent  out  of  shape  is 
difficult  to  straighten.  A wooden  gate  with  a board  or  two  broken  is  much 
more  easily  and  quickly  repaired  than  a damaged  steel  gate. 

There  are  also  various  types  of  so-called  self-opening  gates  and  appliances 
which  make  it  possible  for  one  to  open  and  close  a gate  without  getting  put  of  a 
vehicle.  These  are  quite  common  in  certain  sections,  both  in  home-made  and 
ready  made,  patent  styles.  However,  they  are  rather  expensive  and  tend  to. 
get  out  of  repair  more  readily  than  simpler  gates. 


Fig.  661.  Various  types  of  farm  gate  that  can  be  made  at  home.  The  constant  usage  to  which  a gate  is  subjected 
makes  a strong,  simple,  an  1 relatively  light  construction  practically  essential 
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A gate  should  always  be  hung  to  a large,  well-set  post.  In  boring  holes  for 
the  hinges  a vertical  line  should  be  drawn  in  the  middle  of  the  post  by  means  of 
a plumb  line.  It  is  sometimes  a good  policy  to  set  the  bottom  hinge  J inch  off 
of  this  vertical  line  on  the  side  toward  which  the  gate  will  open.  This  arrange- 
ment will  tend  to  raise  the  end  of  the  gate  from  the  ground  as  it  is  being  opened, 
a desirable  thing  to  do,  especially  in  winter  when  there  is  snow  on  the  ground. 
Also,  difficulties  arising  from  the  sagging  of  the  gate  are  thus  prevented. 

Legal  Aspects  of  Fencing 

Unfortunately  but  few  states  have  comprehensive,  well-defined  laws  relating 
to  the  construction  and  maintenance  of  farm  fence.  Aside  from  mere  legal  state- 
ments, custom  and  good  practice  (which  should,  of  course,  be  the  basis  of  equit- 
able laws)  dictate  that  the  responsibility  of  line-fence  construction  and  main- 
tenance is  a joint  one  between  abutting  property  owners.  In  early  range  history 
it  was  necessary  for  freeholders  desiring  enclosed  homesteads  to  fence  out  stock: 
pasturing  on  the  range.  In  the  early  history  of  states  which  had  passed  the  free- 
range  period  it  became  necessary — as,  indeed,  it  is  the  custom  in  many  places 
even  to-day — for  owners  of  stock  to  fence  their  animals  in.  In  the  absence  of 
such  fences,  owners  were  liable  for  damages  done  by  their  stock  to  property  of 
adjacent  freeholders. 

. Since  livestock  of  some  kind  is  now  kept  on  virtually  all  well-managed  farms 
the  duty  of  constructing  line  fences  rests  upon  adjacent  owners  alike.  An 
extract  from  the  laws  of  Ohio  on  this  point  reads  as  follows:  “That  the  owners 
of  adjoining  lands  shall  build,  keep  up  and  maintain  in  good  repair  all  partition 
fences  between  them  in  equal  shares,  unless  otherwise  agreed  upon  between  them, 
which  agreement  must  be  in  writing  and  witnessed  by  two  persons.” 

The  Ohio  statutes  further  say  that  if  any  party  refuses  to  comply  with  the 
above  law  the  township  trustees  shall  view  the  land  and  after  proper  procedure 
shall  let  the  contract  to  build  such  fence,  the  cost  being  assessed  against  the  offend- 
ing party  and,  if  not  paid  within  30  days,  assessed  against  his  property  as  taxes. 

And  again  “No  person  or  corporation  shall  be  permitted  to  nave  any  willow 
fence  or  any  other  line  fence,  except  that  known  as  the  osage  or  blackthorn  hedge, 
or  construct  or  cause  to  be  constructed  a partition  fence  from  barbed  wire,  unless 
written  consent  of  the  adjoining  owner  be  first  obtained.” 

Under  the  same  statutes  it  is  not  necessary  to  obtain  permission  of  the  adjoin- 
ing owner  to  use  not  more  than  two  barbed  wires  if  the  lower  one  is  not  less  than 
48  inches  from  the  ground  and  if  they  are  placed  on  fence  of  some  other  material 
than  barbed  wire.  It  is,  however,  unlawful  to  permit  a hedge  fence  to  remain 
at  a height  of  more  than  6 feet  for  a longer  period  than  6 months. 

All  of  these  laws  would  seem  to  represent  reasonable  practice. 
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